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PRESSURE VESSEL TECHNOLOGY 
...AND NOW TITANIUM 


With years of experience irrthe design and pro- 
duction of airborne pressure vessels such as 
air, gas and fuel storage bottles for missiles, 
and tanks for aircraft hydraulic systems, 
Rheem Aircraft is particularly qualified as a 
supplier of these components. This special- 
ized technology of welded pressure vessels 
employing aluminum, steel and stainless steel 
now dictates the use of heat treated titanium 
alloys to meet critical strengthy weight re- 
quirements of the ICBM program. The stor- 
age and transport of liquids and gases under 
extremes of pressure and temperature is now 
a reality with significant redu¢tions in weight 
made possible by Rheem sponsored develop- 
ment. Submit your specialized pressure vessel 
requirements or specifications to the Rheem 
Marketing Department, Aircraft Division... 
Rheem’s experience is available for your 


application. 


RHEEM MANUFACTURING CO. AIRCRAFT DIVISION 
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Circle Number 82 on Reader-Service Card —> 








6 











~~ “ 
uae ell ered 









& 

| 
és z 
; 
: f 
i 
f 

5. 














A simple but precise computer is the brain of Hydro- 
Aire’s famed “Hytrol” anti-skid braking system: a 
black box that masterminds the braking operation on 
more than 6,000 airplanes now in use. 


This sucéessful production experience — coupled with 
considerable background in the development and applica- 
tions of semi-conductors — has led Hydro-Aire into the 
field of highly reliable electronic system components. 
Transistorized power supplies, regulators, amplifiers, 
oscillators —all of advanced design and thoroughly field 
tested — are now available from Hydro-Aire. 
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Producing Controls for Every Basic Airborne System 








HDROAIRE 


BURBANK CALIFORNIA 





Aviation Subsidiary of CRANE 
. 

Ant: Skid Braking Systema: Fuel 

System Controls + Pneumatn 

Controls + Actuation Systems 

Electromic Devices 








With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product - SARGENT. 


SARGENT Manufacturing SARGENT Hydraulic Pumps 


FACILITIES  including— BUILDS Hydraulic Motors 
Pneumatic Cylinders 
Research Machining & Grinding Servo-Systems Pneumatic Veives 


Design Heat Treating, all types Hydraulic Systems Ball Screw Actuators 
Development Plating, all types Integrated Packages Gear Actuators 
Testing inspection Hydraulic Actuators Gear Accessory Boxes 
Qualifying Assembly Hydraulic Valves Electronic Systems 


Since 1920 


“GOOD WILL” is the disposition of oy 6ENGINEERING CORPORATION 
the-pleased customer to return to the 
place where he has been well treated. be A MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 


— U.S. Supreme Court L0>°- HUNTINGTON PARK, CALIF. 
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Pressure Potentiometers, Type 76 
Series, measure absolute pressures 
of liquids or gases in ranges up to 
10,000 psi. Operate accurately un- 
der vibration of 1 inch double am- 
plitude from 2 to 22 cps, and 25 g 
from 22 te 2000 cps. Calibration 
Card with 63 data points is sup- 





PRODUCTION MANAGER W. V. Cockren plied with each instrument and in- 
cludes 3 runs for rising and falling 


pressures with and without vibration. 





Published weekly with an additional issue in December 
by MeGraw-Hill Publishing Company James H. Me 
Graw (1860-1948), Founder. below for direc 
tions regarding subscript change . Execu- 
tive, Editorial Cireulation : 
Graw-Hill Building, . 
N. Y. Publication Offices, 99-129 North Broadway, A!- 
bany 1, N. Y. Donald ©. McGraw, President; Joseph A. 
Gerardi, Executive Vice President; L. Keith Goodrich, 
Vice President and Treasurer; John J. Cooke, Secretary; 
Nelson Bond, Executive Vice President; Publications Divi- 
sion; Ralph B. Smith, Vice President and Editorial 
Director ; Joseph H. Allen, Vice President and Director of 
Advertising Sales; A. R. Venezian, Vice President and 
Circulation Coordinator. 

Subscriptions are solicited only from persons who have 
a commercial or professional interest in aviation, inciud- 
ing missiles and and company 
connection must be ind order. 

Single copies $3 Subscription rates—United States 
and possessions, $7 one year. Canada $8 one year. All 
other countries, $20 one year. 

Second class mail privileges authorized at Albany 1, 
N. Y¥. Printed in 1 A. Title registered in U.S. Patent 
Office. ©Copyright 1958 by McGraw-Hill Publishing Co., 
Inc. All rights reserved. Cable Address: “McGraw Hill 
New York.”” Publications combined with AVIATION 


Specifications tell part of the story. At Trans-Sonics, Inc., 
they are only the beginning. For each basic design, three 
volumes of evaluation tests are available containing thousands 
of individual data points. Essential information on perform- 
ance under temperature, vibration, shock and humidity 
investigated, sifted out and recorded for easy reference. 


This extensive data enables the user to quickly evaluate 
performance under new or unexpected environmental condi- 
tions. As a result, greater design freedom is possible and 

\VIATION NEWS, All, TRANSPORT, AERONAUTICAL valuable engineering time is saved. Write to Trans-Sonics, 

ENGINEERING and AIRCRAFT JOURNAL. All rights 2 

to these mames are reserved by MoGrew-Hill Publishing Inc., Dept. 7, Burlington, Massachusetts, for Pressure 
Potentiometer Bulletin; or if you prefer, describe your operat- 

ing environment and quantitative information will be provided. 


TRANS-SONICS 
Precision Vansducon 
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Is this the Forgotten Area 
in your material-handling? 


Many plants that pride themselves on modern 
methods are still using manual labor for turning 
and positioning large weldments, 


Are you one of these? 


P&H Welding Positioners can bring modern 
handling techniques to your weld shop. These 
laborsaving machines have proved to save as 
much as 43% of the total welding costs by 
mechanizing weldment handling. A simple push 
of a button spots the work-piece — no matter 
how bulky — so that all welds are downhand. 


Downhand welding is faster, permits the use 
of hotter rods, thus speeds production. The 
work-piece is securely mounted, too, so that the 
worker’s safety is immeasurably greater than 
when wooden blocking set-ups are used. 


Investigate P&H Welding Positioners. Write 
for “What You Should Know About Welding 
Positioners,” Dept. 312H, Harnischfeger Corp., 
Milwaukee 46, Wisconsin. 


HARNISCHFEGER 


WELDERS ¢ ELECTRODES ¢ POSITIONERS 
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Americans in motion depend upon Holley 

The startling advances in the last decade 
in pounds of thrust, in horsepower have 
exceeded nearly every other decade in 
America’s engine development history. The 
challenge of contributing to this advance 
has fallen to Holley engineering teams with 
such varied problems as lighter weight, 
more compact fuel controls for jet engines, 
carburetors with more and more breathing 
capacity, ignition systems with more and 
more accuracy. 


Holley’s two teams of design and manu- 
facturing engineers have developed prod- 


ucts as unlike the carburetors of the past as 
jet engines to Stanley steamers. 

Today, Americans stand on the threshold 
of a decade which will far outmode the 
power outputs of today. Holley engineers 
are currently working on control systems 
for power outputs relegated just yesterday 
to science fiction. 

As in the last fifty years, Americans in 
motion will depend upon Holley products. 

For more information about Holley 
products, automotive and aircraft, write to 
HOLLEY CARBURETOR CO., 11955 
E. Nine Mile Road, Warren, Michigan. 
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How to squeeze 
the last drop 


of power 


out of 


every drop 


LEADER IN THE DESIGN, 
DEVELOPMENT AND MANUFACTURE OF 
AUTOMOTIVE AND AVIATION 

FUEL METERING DEVICES 
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6- OR 8-CHANNEL 
OSCILLOGRAPHIC 
RECORDING SYSTEM 


6- OR 8-CHANNEL SYSTEM 
IN ONE CABINET 
Each module of four Preamplifiers takes only 10/2" of panel 
space, complete Recorder-Power Amplifier package only 17/2”. 
All controls are on front panel. Total panel space, including 
ventilating fan and master power panel, 49". Entire system 


normally installed in one cabinet 22” x 22"x73%", to place 
recorder and controls at convenient height. 


FREQUENCY RESPONSE TO 120 CPS 


Essentially flat from 0 to 100 cps at 10-division amplitude peak- 
to-peak, 3 db down at 120 cycles. Built-in pre-emphasis circvit 
in Power Amplifier. 


HEAVY CURRENT FEEDBACK 
TRANSISTORIZED POWER AMPLIFIERS 


Long term drift less than 0.2 div. over 20°C. changes, short term 
less than 0.1 div. for 24 volt line voltage ch Response time 
4 ms. in-phase rejection ratio 100:1. Gain stability better than 
1% with 20°C. and 20 volt changes. 





LINEARITY: 0.2 DIVISION OVER 
ENTIRE 50 DIV. CHART WIDTH 


his is the new Sanborn “350” — today’s most 
comprehensive answer to combined improved 
performance, versatility and reliability in an 
oscillographic recording system of compact size. 
First compare all the “350” design and perform- 
ance improvements ...then consider the many 


ways they can help you do more kinds of measure- 
ment and recording, with more accuracy, speed, 


convenience and reliability. 


Experienced sales-engineering representatives in all 
principal cities. Call the epe peer you for complete 


349" facts. 
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gives you all these features 


INTERCHANGEABLE PREAMPLIFIERS 
WITH INDIVIDUAL POWER SUPPLIES 


Compact, plug-in units with 4%"x 10/2" panels. Present types 
include Carrier, Serve Monitor (demodulator), DC Coupling, Trve 
Differential DC. Can be used separately for driving optical oscilio- 
graphs, ‘scopes, tape recorders, etc. 


LIMITER CIRCUIT AHEAD OF 
POWER AMPLIFIERS 
ASSURES DAMPING AT ALL TIMES 


Limiting at input prevents amplifier saturation or cut off; so that 
galvanometer damping is never lost. 


RUGGED, RELIABLE, LOW VOLTAGE, 
LOW IMPEDANCE GALVANOMETERS 


Fewer turns of heavier wire and completely enclosed coil increase 
reliability. High torque (250,000 dyne-cm.). Hysteresis level less 
than 0.1 division. Designed for easy replacement in field. 


RECORDER-POWER AMPLIFIER PACKAGE 
IN ONLY 17%" OF PANEL SPACE 


Integral, tube-free package includes eight power amplifiers and 
power supply, which use power transistors and solid state rectifiers. 
Operates on 115 volts, 60 cycles. Simple paper loading from front. 
individual stylus heat controls, chart speed pushbutions, motor 
switch, timer-marker switch, fuses, paper footage indicetor all on 
front panel. Connectors for input signals, output monitoring (+1 volt 
with respect to ground from 2.5 ohm source) and complete remote 
contro! provided at rear. 


VELOCITY FEEDBACK DAMPING 


Trve damping by velocity signal from separate winding over 
gelvanometer driving coil. Damping control accessible from front 
of Recorder for easy adjustment. 


(ALL DATA SUBJECT TO CHANGE WITHOUT NOTICE) 


Any “350” Preamplifier installs 
easily in any channel. Electrical 
connections made by mating 
connectors on Preamp ond 


GALVANO/ 
NATURAL FREQ ICY 55 CP 
Higher netural frequency provides higher over-all system frequency 
response. 


INKLESS RECORDING 

RECTANGULAR COC é 
Heated stylus creates sharp, smudge-proof trace on plastic coated 
Permapaper. Chart channel width 1°%<" (approx. 4 cm), ruled in 
50 div. of Ya" each. 


RECORDER-AMPLI xR UN 1/ 

0.1 VOLT/CHART DIV. SENSITIV 
Can be used alone, when preamplification is not needed. (Three 
complete 8-channel Recorder-amplifier-power supply units can be 
mounted in one cabinet.) 


ELECTRICAL PUSH ON CHART 
SPEED CONTROL, WITH 
PROVISION FOR REI TE CONTRO 
Any of nine speeds (0.25, 0.5, 1.0, 2.5, 5, 10, 25, 50, 100 mm/sec.) 


instantly selectable by pushbutton. Plastic strip for channel identi- 
fication markings. 


QUALITY COMI ! 
THROUGH( T 
JAN components used wherever practicable; for example, note in - 
the photos hermetically sealed MIL-T-27 power transformers, 


MilL-opproved electrolytic condensers in all power supplies, rugged- 
ized premium-type tubes in Preamp power supplies, etc. 


Wf ~) 4 
SANBORN COMPANY 


INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS 
aD". 
Eight - channel “350” 


from rear, showing 
(upper half) eight indi- 


Quick, simple paper 
loading is done from 
front; hinged view- 
ing window is re- 
movoble. About 8” 
of record visible. All 


vidval Preamp Power 
Supplies on four-unit 
module frames, and 
below them, Power 
Amplifiers and Power 
Supply on recor of 
Recorder Assembly. 


P. le 
‘ower Supply controls on front 


ponel. 


Recorder back plate holds eight 
plug-in Power Amplifier modviles 
fone shown unplugged in photo), 
four on either side of Power Supply 
section. Entire bock plete remov- 
able for servicing. 


Any of nine chort 
speeds con be in- 
stantly selected by 
pushbutton. Remote 
control of oll func- 
tions provided by 
connectors at rear. 





UNF AND VHF RECEIVERS AND TRANSMITTERS (5 TO 360 CHANNELS) * 
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WITH ARC's TYPE 210 TRANSCEIVER 


The rapidly increasing volume of air traffic and 
the need for more precise traffic control has ne- 
cessitated a tremendous increase in the number of 
assigned radio frequencies to carry on the neces- 
sary air-ground communications. 


Only a few years ago pilots could operate with 
10 or 20 channels. Later frequencies were in- 
creased to 80 or 90. Plans now call for 360 fre- 
quencies—enough to meet the need for years to 
come. In view of this channel increase, ARC now 
offers an all-channel, flight proven transmitter- 
receiver (Type 210 Transceiver) covering all 360 


channels. The powerful 15 watts guarantees opti- 
mum distance range and the knifelike selectivity 
assures freedom from adjacent channel interfer- 
ence. Provision has been made for the selective 
use of single or double channel simplex whereby 
transmissions are made on a frequency 6 mega- 
cycles higher than the receiver frequency. There 
is no wait between receiving and transmitting for 
re-channeling. 

This is ARC’s latest contribution to air safety. 
Ask your dealer for a quotation to include a single 
or dual installation, along with other units of ARC 
equipment listed below, 


Dependable Airborne Electronic Equipment Since 1928 


Aircraft Radic Corporation soonron, n. s. 


OMNI/LOC RECEIVERS © MINIATURIZED AUTOMATIC DIRECTION FINDERS * COURSE DIRECTORS © LF RECEIVERS AND LOOP DIRECTION FINDERS 


10-CHANNEL ISOLATION AMPLIFIERS © OMNIRANGE SIGNAL GENERATORS AND STANDARD COURSE CHECKERS * 900-2100 MC SIGNAL GENERATORS 
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From the whistle of wing struts in the wind 
to the roar and whoosh of swirling exhaust 
gasses against a launching pad, Ex-Cell-O has 
played an important role in aircraft develop- 
ment—working and growing with the aircraft 
industry as a pioneer in the production of 
precision parts and assemblies. 

From the Ex-Cell-O components logging 
hour after hour in reciprocating aircraft 
engines to our precision-made jet rotors and 
blades, actuators, fuel nozzles, valves 
and controls, Ex-Cell-O aircraft parts have 


MAN AND: MISSILES FLY HIGHER, FASTER ANO SAFER WITH PARTS AND ASSEMBLIES 


paid big dividends in superior performance. 
If you have a problem in precision control or 
complex flight components which our experi- 
ence can solve . . . contact Ex-Cell-O today. 


exceu-o ron precivow (KLO) 
EX:CHLL 0 


CORPORATION 
OETROIT 32, MICHIGAN 


Diadston 


BY EX-CEtL-O 





DESIGN 


FABRICATION 


TESTING 


BRUNSWICK PROVIDES ALL THREE...IN THREE MAJOR MATERIALS 


In reinforced plastics, Brunswick 
is currently producing a large vol- 
ume of assemblies in honeycomb 
core, foamed in place, solid lami- 
nate and anti-icing reinforced 
plastics. Facilities include com- 
plete electronic testing equip- 
ment for every type of radome. 


In metal honeycomb, Brunswick 
produces many fabrications, in- 
cluding those which require com- 
pound curvatures and extremely 
close tolerances. And Brunswick 
offers a complete choice of the 
most advanced adhesive systems, 
tailored to your requirements. 


In conventional metalwork, 
Brunswick supplies the aircraft 
industry with pressurized wind- 
shield and canopy assemblies, 
major radar assemblies, ailerons 
and flaps. To put Brunswick’s de- 
sign, fabrication and testing facil- 
ities at your service, write today. 


BRUNSWICK 


THE BRUNSWICK-BALKE-COLLENDER COMPANY, DEFENSE PRODUCTS DIVISION, 1700 Messier St., Muskegon, Michigan 
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For lower costs and greater speed in the activation of instrumentation, auto- 
mation, and control systems * For greater reliability and superior performance 
of the completed system * Specify CABLES by Pacific Automation Products, 
Inc., and INSTALLATION of cable, computers, instruments, controls, consoles, and 
accessories by PAP’s expert crew of installation specialists. * Complete factory 


assembly of cable components, coordination of design and installation concepts 
at the site, and placement of sole responsibility for system operation and valida- 
tion can produce the same benefits for your facility that are now being enjoyed 
at test and launch sites of the great Atlas missile. * 


Write, phone, or wire for complete information to: 


PacrtFIc AUTOMATION PRODUCTS, INC. 


1000 AIRWAY, GLENDALE 1, CALIFORNIA Phone: CHapman 5-6871 or Cltrus 4-8677 


420 Lexington Avenue, New York, N.Y. + LExington 2-5193 137 Walnut Hill Village, Dallas 20, Texas * F Leetwood 2-5806 
4355 North Atlantic, Cocoa Beach, Florida * Cocoa Beach 2059 | 432 Middlefield Road, Redwood City, California « EMerson 9-1962 


ENGINEERS: FOR AN EXCITING CAREER IN ACOMPANY THAT IS YOUNG, STRONG, AND GROWING, SEND YOUR RESUME TODAY 





Margin for Error...None! 


You swing into your final approach. At precisely the right instant the Landing 
Signal Officer flags you to cut your power—and you're aboard! yx Such skill and 
precision is indicative of that which is required today in every phase of the aircraft 
industry. The bearings in modern jet turbines, for instance, must be held to 
accurate tolerances measured in millionths of an inch. That’s why the leading 
jet turbine manufacturers specify Bower aircraft bearings first. Their exceptional 
high quality and unerring precision allow Bower bearings to stand unbelievable 
turbine speeds and temperatures—that match the supersonic speeds of today’s 
jet aircraft—with a minimum of lubrication. ¥ Whatever you produce, if it uses 


bearings, specify Bower! Choose from a complete line of tapered, straight and 
IDEALLY SUITED TO HIGH-SPEED OPERATION 

Built to hold their precision indefinitely, these aircraft 

bearings are recommended wherever superior quality 


BOWER ROLLER BEARING DIVISION and high-speed operation are required. For some 
applications, a special alloy steel—developed jointly by 


FEDERAL-MOGUL-BOWER BEARINGS, INC. © DETROIT 14, MICHIGAN Bower and several aircraft companies—is used. 


BOWER coset. 
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journal roller bearings for every field of transportation and industry. 





ANOTHER 


ADEL | ReD achievement 


New Electric Motor Driven 
Hydraulic POWER PACKAGE 
For Guided Missiles 


POWERFUL + SMALL + COMPACT 
RELIABLE + LIGHTWEIGHT 


SUPERIOR PERFORMANCE 











Developed, qualified and produced 
eet or exceed exacting specifications. 


Research 


Design : os 

Development on 

Qualification Testing vi |= E L P ko E = | S | O N 
ri PRODUCTS 


Precision Production 
A DIVISION OF GENERAL METALS CORPORATION 
BURBANK, CALIFORNIA 
‘ DISTRICT OFFICES: MINEOLA « DAYTON «+ WICHITA « TORONTO 
ADEL designs and manuf aircraft products in the following major categories : 


Anti-icing, Heater & Hi-Temp ate 4& Electric Motor Driven 
Fuel System Equipment Solenoid Operated Valves Hydraulic Power Packages 
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AT WORK 


Side-by-side seating 
in Cessna’s 1-37 jet trainer 


fits the new USAF training concept: 


a quicker, easier transition into combat jets! 


Other features— high-altitude performance 
and high to low speeds 

with easy handling. 

USAF saves training time, 


money! 


CESSNA AIRCRAFT CO., WICHITA, KANS. 





DOUBLE-ACTING B’ SERIES 


SELF-LOCKING 
P QUICK-RELEASE 


the pin that’s designed for positive 
release...even under “over-load” or 
“hound” conditions! 


Double-acting PIP Pins combine rugged strength and 
dependability with INSTANT INSERTION, SELF-SAFETYING .. . 
and QUICK RELEASE! Cotter pins, nuts, bolts and other 
retaining devices are completely eliminated. Result — 
unlimited design freedom and accessibility where units are 
frequently assembled and disassembled .. . permits 
quick-change of mechanical units... speeds assembly of portable 
equipment ... reduces servicing costs. 
Difficult fastening applications where ordinary fastening devices may 
“bind” in misaligned holes or under unusually heavy loads are “made to 
order” situations for double-acting “B” Series PIP Pins, which operate 
on the fast push-to-insert — pull-to-remove principle... but have the added 
advantage of the exclusive PIP “drive-in”—“drive-out” spindle. It’s the 
safest, most reliable self-locking quick-release pin available! 


MEETS RIGID REQUIREMENTS 

Double-acting PIP Pins are used by every major aircraft manufacturer 
and the military services...are specified for use in missiles...used by 
leading manufacturers of electronics, industrial and materials handling 
equipment and have proven their complete reliability in many other fields. 
Get exclusive PIP Pin “drive-in”—drive-out” advantages in standard 
diameters to fit most nominal holes. “B” Series PIP Pins with continuous 
steel ring aid forcible release and adapts to remote release systems. 

Use the experience and technical knowledge of our Engineering Staff 

to determine the right solution to your quick-release fastening problem. 





Clevis fitting Tube assembly Bracket assembly 


Technical data and specifications are detailed in Brochure No. ADI-5500. 
Write for your FREE copy today! 


AVIATION DEVELOPMENTS INC. 
210 S. VICTORY BLVD. 
BURBANK, CALIFORNIA 


Sales offices in principal cities 
Manufacturers of PIP®@ Self-Locking Quick-Release Pins, 
Chobert® Rivets and Avdel Sheet Grippers. 
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He Found 


Success in the Air 


At California’s Ontario International 
Airport, 35 miles from downtown 
Los Angeles, Shell dealer Les Farrar 
runs one of the fastest growing 
aviation service companies in America 


As Les will tell you, to run a successful avia- 
tion service you must have top-flight products 
and equipment. 


In his own words, “I was looking for an Oil 
Company that guaranteed quality products— 
quality service—down-the-line dependability. 
And I wanted the best dealer-supplier rela- 
tionship available. I found Shell’s approach 
similar to mine—a 24-hour readiness to go 
beyond the letter of a contract to be helpful.” 





So Les Farrar teamed up with Shell 5 years ayo. 


Today Ontario International Airport pro- 
vides rapid, efficient fueling service for com- 
mercial, military, business and private aircraft 

. in fact just about anything that flies. 
Growth has been rapid . . . gallonage has in- 


Round-the-clock tower and modern all-weather equipment 
serve the airlines, a Forestry Service fire-fighting unit, an 
Air National Guard unit and turn-around customers. 


Studying airport expansion plans (left to right) are Art 
Clark, vice-president of Les Farrar Aviation Services; 
Thomas E. Flaherty, Airport Manager; Fred Stewart, 
Shell Aviation Representative; and Les Farrar. 


creased twenty times in the five years Les has 
been with Shell. 


How does he do it? Les picks up valuable 
merchandising tips from the Shell dealer 
magazine. And through the Shell Aviation Spe- 
cialist, Les keeps posted on new ways to build 
the kind of service fliers want. 


A key part of his service program is the 
Shell Credit Card System . . . a time-saver de- 
signed to help fliers meet exacting schedules. 


Business is good at Ontario. In fact it is so 
good that Les is looking forward to expanding 
his facilities. Plans include a new 2,000-foot 
runway extension to accommodate the ever- 
increasing traffic. 


The fine reputation of the Les Farrar Avia- 
tion Service is widespread and still growing. 
As for the future? Les himself will tell you that 
with Shell helping him in every venture—the 
sky’s the limit! 


Giant military transports come to Ontario for modification 
by Southern California Aircraft Corporation and Lockheed 
Aircraft Service Corporation. They rely on Les Farrar for 
fine service and Shell for high-quality fuels and lubricants. 


It pays to be a Shell Aviation Dealer 


—and your nearest Shell Office will be glad to tell you why 
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Udimet 600 is now available in production quantities. Udimet 700 is available for development applications. 


announcing Udimet GOO and 7O0O 
for a wider range of applications at elevated temperatures! ade o' vo 
@r. mM. REGISTERED 
The Utica Metals Division of Kelsey-Hayes scores another materials “break through” with vacuum : ; 
: : : q : : . Many vacuum induction 
induction melting. Producible only by the vacuum induction melting process, Udimet 600 and melted metals and alloys 
700 surpass the elevated temperature properties of any other known alloy which can be produced in poked rym hl 
quantity for critical high-temperature, high-stress requirements. They not only possess excellent by Utica Metals Division. 
stress-rupture qualities but also exhibit high tensile strength at temperatures above 1500°F. Some alloys covered by 


Kelsey-Hayes Company, General offices: Detroit 32, Michigan. U.S. Patent ¢2809110 


KELSGEY-HAYES 


Automotive, Aviation and Agricultural Parts + Hand Toots tor industry and Home 
17 PLANTS: Detroit and Jackson, Mich.; Los Angeles; McKeesport, Pa.; Springfield, Ohio (Speco Division); Utica, N. Y. (Utica Drop Forge 
@ Tool Division); Davenport, Iowa (Farm Implement and Wheel Division); Philadelphia (Heintz Division); Windsor, Ontario, Canada. 
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CONTOUR TRENTWELD TUBING is 
available in a wide range of grodes 
including Hastelloy,* Zirconium, Zir- 
coloy, Titanium, 19-9-DL — and in 10 
basic tubing classifications (pressure, 
mechanical, aircraft, heat resistant, 
ornamental, sanitary, beverage, 
large diameter, shaping and formed 


tubing). 


*Trodemark of Hoynes Stellite Co 


get high strength and uniformity with 
TRENTWELD stainless and high alloy 
pipe and tubing (sizes range from 1g" to 40” O. D.) 


As Trent makes them, today’s welded pipe and 
tubing are as strong as — and even more uniform 
than — pipe and tubing made by any other method 
of manufacture. That’s because (1) an exclusive 
welding process (Contour Trentweld®) virtually 
eliminates any bead or undercut, and (2) cold 
working and annealing after welding make the 
weld equal in strength and corrosion resistance to 
the parent metal. 

Furthermore, Trent checks the quality of its 
pipe and tubing with a series of strict tests. All 
strip going into the welder is checked for width 
and tolerance. Samples of each lot are tensile 
tested. Periodic tests — flattening, reverse bend, 
flare and flange, coi] and pressure — are conducted. 
Pipe and tubing for corrosive applications get 
rigid corrosion tests. And, if necessary, “single- 
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wall” X-ray inspections, exclusive with Trent, can 
be made on any lot. 

Naturally, pipe and tubing made to these stand- 
ards can’t be surpassed for strength, uniformity 
and service. But get complete details — 


electrical properties, corro- 
sive dete, theoreticel 
hardnesses, etc. 


= TRENT TUBE COMPANY 
‘conToun Subsidiary of Crucible Steel Company of America 
t . General Offices, East Troy, Wisconsin 
Gentlemen: Please send me the 48-page 

Trent Tubing Handbook. 


Name. 
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New alloy! 
New oxidation resistance! 


Graph shows 100-hour oxidation resistance 
that Inconel “702” provides from 2000°F to 2400°F 


Incone! “702”* nickel-chromium alloy has been developed for 
high temperature problems encountered in missile hardware and 
similar applications. 

Basically it’s a modification of Inconel* nickel-chromium alloy 
with high-aluminum (2.75—3.75% ), low-titanium (0.25—1.0%). 

Inconel “702” quickly acquires a thin (+.001-inch) protec- 
tive coating in high temperature environments. Even up to 2400°F 
no further penetration occurs, thanks in part to the presence of 
an NiA1; constituent. 

Inconel “702” can be forged, machined, welded and annealed. 
Mechanical properties can be improved by age hardening. 


Availability 


Inconel “702” alloy is available as cold rolled, annealed sheet. 
Cold drawn wire and tubing and cold rolled strip have been pro- 
duced in limited quantities, too. For information on these mill 
forms and others, write to: * Registered trademark 


THE INTERNATIONAL NICKEL COMPANY 
67 Wall Street 4». 
INCO, 


INCO NICKEL ALLOYS 


NICKEL ALLOYS PERFORM BETTER LONGER 
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Every advance in aircraft engineering is 
exemplified in the Avro Arrow, capable 
of traveling at well over twice the speed of 
sound to intercept and destroy enemy air- 
craft at extremely high altitudes. RCA has 
been assigned full responsibility for the de- 
velopment of a complete electronic system 
for fire control, navigation and communi- 
cation, and an integrated automatic flight 


CANADA'S SWIFT, FAR-RANGING ANSWER TO ANY SECURITY THREAT 


control system. While an enemy plane is still 
beyond the range of human eye, this radar 
system will detect it, and provide the in- 
tercepting pilot with a continuous flow 
of information, electronically computed in 
terms of position, range and rate of closing. 
Associated with RCA in the project are 
the Minneapolis-Honeywell Regulator Com- 
pany and several Canadian firms. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 


Tmk(s) ® 
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To provide assured reliability 
and full capabilities of 





ELECTRO-MECHANICAL CONTROLS, 
SWITCHES and OTHER COMPONENTS 
FOR MISSILE-TYPE APPLICATIONS 





has formed 


ee 





and missile applications alike. It is faster 
and at lower cost than you can achieve 
yourself. Typical examples of recent de- 
velopments are: 


@ “MCG” specialists combine basic Elec- 
tro-Snap products with others to produce 
systems of high reliability and precision. 
This service is made available for aircraft 


3 


t 


Ground Power Changeover Control—This assembly (airborne) provides 


Emergency Fire Control—Used in the Flight Engineer’s console of the 
remote control of the transfer from external to internal bird power. 


Douglas Globemaster, plunger actuation allows instant emergency oper- 


ation of any or several of the following: prop feathering, closing 
cow! and oil cooler doors, stop fuel and electrical service, fire extin- 
guishing system actuation. Unit illustrated handles six distinct areas 


Of compact ard efficient design, its multiple-contact circuit breaking 
design allows more than 2 amp and 500 VDC capacity with ample 
margin. Partial assembly only, shown. 


cancellation of command feature for error correction. 





Complete Control Panels—I!luminated and instrumented con- 
trol consolettes are representative 
of the versatility offered by the 
new Electro-Snap Modulume panel 
technique. Lighted pipelines, valve 
and tank load indications, discrete 
“go, no-go” readout areas, and 
illuminated switching controls com- 
bined with translucent panels show 
@ new direction in control and 
monitoring consoles. The basic pre- 
sentation is the concept of readouts 
séquencing in changing colors to 
conserve vital space. Lamp modules 
are replaceable in ten seconds from 
front of panel. Front panel config- 
urations are unlimited. 


Field-Sensing Control 








This switch indicates the 
presence of an external field 
of singular polarity—closing 
one circuit in the presence 
of a South polarity field and 
another circuit in the pres- 
ence of a North polarity 
field. Operation is at zero 
to 70 cps and for 500 hours. 





Take advantage 


of this new service now 
i ee mF ‘ 
J CNOk 
CHICAGO 


VAN BUREN 6-3100 
Just ask for MCG 


ISSILE OMPONENTS ROUP 


Men who specialize in aircraft and missile control problems and products 


“MCG” i; composed of highly-trained tech- 
nical specialists who fully appreciate and com- 
pletely understand reliability and what it means 
to you. Their service is available to you for... 


“MCG” is a unique combination of — new 
personnel who have been recently very active in 
the application of components in critical aircraft 
and missile systems — and long-term employees 
. 4 with profound basic ability and practical knowl- 
@ problem analysis through design edge of electro-mechanical devices. Both are par- 

development, testing and pro- ticularly valuable in helping you. 

duction techniques of new elec- 

tro-mechanical controls, switches HERE'S HOW “‘MCG"’ WORKS FOR YOU... 

and other components for air- “MCG” determines that each — 


craft and missiles. design 
material 
certified application data and fabricated part 
modifications on existing con- part application 
trol, switches, and other compo- and complete assembly 


BeN? aseemblies to meet Fe rigidly meets specified environmental and physi- 
quired conditions. cal requirements according to your needs, 


Regardless of the complexity of your control Use this new service on your toughest applica- 
problems, “MCG” will give you dependable re- tion problem now. Just ask for “MCG”, by tele- 
sults that can save you time and money. phone, wire or letter. 


MISSILE COMPONENTS GROUP 
ELECTRO-SNAP SWITCH &2 MFG. CO. 

4232 West Lake Street, Chicago 24, Illinois 

Telephone: VAn Buren 6-3100, TWX No. CG-1400 


Circle Number 18 on Reader-Service Card 








How Much 
Torque Capacity 
Can Be Handled 
In An Inch? 


The largest Formsprag clutch shown 
at left measures less than two inches— 
weighs about the same as your cigaret 
lighter—yet delivers more torque per 
cubic inch than any other available 
today. 

Good news for aircraft, missile and 
rocket engineers whose job it is to 
pack more and more power into less 
and less space. For example, here’s 
how two aircraft component manufac- 
turers have taken advantage of Form- 
sprag’s unique clutch design . . 

A landing gear manufacturer has em- 
ployed Formsprag clutches to over-run 
the primary hydraulic system so that 
in case of emergency the pilot can actu- 
ate the landing gear mechanically. 

An accessory gas turbine manufacturer 
uses a Formsprag clutch as a disengag- 
ing device on a starting mechanism. 

If you would like to know more about 
how Formsprag clutches may be of 
help in solving your design problems, 
why not have a talk with a Formsprag 
engineering consultant? 


SEND FOR vex jveeenge hte eee 


ask for new paper en- 
titled “Design Consider- 
ations for High Speed 
Over-Running Clutches” 


Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications. 


FORMSPRAG COMPANY 


IN CANADA: RENOLD CHAINS CANADA LIMITED “ 


IN UNITED KINGDOM: RENOLD CHAINS LIMITED 
Werld’s largest exclusive ypc of paeuniés clutches. 58-G 
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PRODUCTS CORPORATION 


s e . 
the opening of the new ? | /. 


Freedlander Researchand }a . 
Development Laboratory 


| = 


— a 
devoted exclusively to the unlimited 
applicationsor STAFOAM 


Rigid, Semi-Rigid and Flexible Polyurethane 











Ah ICAN ATEX 













The newly- 
dedicated 
$1,000,000 plus, 
25,000 sq. foot 
Freediander 
Research & 


ioe eed Development 
. Laboratory 





















SULATION 
Modern industry’s need for advanced materials is ful- 1 INDERLAY 
filled by scientists at Freedlander Laboratory who are SOUND ABsoRsTiON ’ 
pioneering countless formulations and unlimited applica- 
tions of new miracle STAFOAM. 

STAFOAM, a unique type of plastic, offers an unequaled 
combination of properties and characteristics for indus- 
. trial design, such as foaming-in-place, adhesion, strength, REFRIGERABON 

thermal insulation, energy absorption, resistance to chemi- ' 
cals and solvents, water-impermeability, flame resistance, 
and wide temperature service. 
CREATING NEW PRODUCTS 
Our research staff is constantly creating and developing 
new characteristics in existing STAFOAM formulas. The 
answer to your problem may be immediately available... or 
may require the creative engineering necessary to achieve 
a specific product. Whatever the nature of your problem... 
INQUIRE NOW! Your investigation may uncover an en- 
tirely new dimension in the practical use of foamed plastics. 













— 


FLOTATION 

































Revealing brochures and technical data on new miracle 
STAFOAM will be mailed upon request. 





AXMERICAN ATEX 


PRODUCTS CORPORATION 


3341 W. E! Segundo Boulevard, Hawthorne, California 
ORegon 8-5021 +« OSborne 6-0141 











A DIVISION OF THE DAYTON RUBBER COMPANY 
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ONLY TMVA OFFERS 


TEE DE ET 


Seat in upright position allows you to Seat half-reclined, leg-rest extended, Seat in full recline provides stretch-out 
dine, or catch up on your work. is perfect for reading, or just resting. comfort for cat naps or sleep. 


Available at no extra cost on all 
TWA-JETSTREAM flizhts in the U.S. 


Here’s the most luxurious service coast to coast... and 
only TWA offers it! Giant TWA Siesta Sleeper Seats 


at regular First Class fare aboard the magnificent 
TWA Jetstream. You lie far back for sleep . . . with six feet, 
five inches to stretch out in. Or sit up in spacious, 


living-room comfort to enjoy superb Jetstream Ambassador FLY THE FINEST 


service. Cocktails and hors d'oeuvres. Wonderful meals 
cooked to your order in flight . . . freshly brewed coffee, FL ¥ j Wes 
imported liqueurs! For reservations, call your 


travel agent or nearest TWA office today. TRANS WORLD AIRLINES 


%K Jetstream is a service mark owned exclusively by TWA 
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Lorp designs and manufactures complete, assembled mounting systems in a 
LO RE wide range of standard and special designs. These provide excellent 
vibration and shock protection for airborne electronic equipment. 
With recently expanded facilities, LorD offers outstanding service on all 


| t ' types of standard bases to meet all pertinent MIL specifications. 

e e ; ro n | C Extensive experience can be applied to the design of specialized systems 
to meet high-performance requirements or to withstand environmental 
extremes such as high temperatures, high frequencies, steady-state 


7 
mM 0 | nti n g accelerations and transient shock conditions. 


All materials and designs are selected to satisfy both performance and 
economical considerations. To initiate your mounting system project or obtain 


S ste ms more information, contact your nearest LorD Field Engineer or the 
Home Office, Erie, Pa. 


MS-91404-S1 
mounting base 
assembly in- 
corporates 
Temproof 
Mountings. 


MT-1555/U base with miniature Temproof Mountings provides all- 
attitude protection for electronic unit. 


Special all-attitude 
base with BTR 
(Broad Temperature 
Range) Mountings 
for gyro in jet- 
_ powered aircraft. 


Center Flange Temproof Mountings are used in 
39-pound mounting system for airborne antenna 
harmonizer. 


Custom-designed High-performance 
rectilinear mounting mounting system 


system protects for missile protects , . 

missile gyro against canister-type | a Bx 
rotation from trans- electronic units of ; | 

lational inputs. modular design. a 


FIELD ENGINEERING OFFICES 


ATLANTA, GEORGIA - CEdar 7-9247 
BOSTON, MASS. - HAncock 6-9135 
CHICAGO, ILL. - Michigan 2-6010 


CLEVELAND, OHIO - SHadyside 9-3175 


.DALLAS, TEXAS - Riverside 1 -3392 


DAYTON, OHIO - BAidwin 4-8871 


DETROIF, MICH, - TRinity 4-2060 

KANSAS CITY, MO. - WEstport 1-0138 

LOS ANGELES, CAL. - HOlilywood 4-7593 D 
NEW YORK, N. Y. - Circle 7-3326 





PHILADELPHIA, PA. - PEnnypacker 5 -3559 
“in Canada— Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY ~ ERIE, PA. 
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NAA is at work in the fields of the future 


Dress rehearsal for survival 


nf 





Freedom’s defense has reached a 
new frontier—Outer Space. That is 
why we need new weapons— missiles 
...and men in missile-like planes. 

Already America’s giant missiles 
hurtle into space—exploring the new 
frontier, guarding its ramparts. 

And hand-in-glove with missiles are 
our new manned weapon systems. 
Compressing years of progress into 
months, America’s military and civil- 
ian engineers are jointly pushing our 
new defenses to completion. 


Americans in Outer Space 

Today a few chosen pilots are pre- 
paring themselves. Donning the new 
space suits, they sit in altitude cham- 
bers, or whirling centrifuges, testing 
man’s reactions to a savage new 
environment. Their plane, the rocket- 
powered X-15, is being readied. 

The X-15’s mission is to take a man 
into space...and to return him to 
deliver his report. The secrets he 
brings back will be shared by the Air 
Force, Navy, and National Advisory 
Committee for Aeronautics, joint 
sponsors of the project. 


The sinews of space flight 

The X-15 is the outgrowth of new 
technologies developed by North 
American and its divisions—in guided 
missiles and supersonic aircraft—in 
automatic controls and rocket engines. 
Each is a vital root of the new space 
flight technology. 

NAA’s Rocketdyne Division makes 
rocket engines for the Air Force’s 
Atlas and Thor missiles, and for the 
Army’s Jupiter and Redstone. In fact, 
every major missile successfully 
launched in America in 1957 was 
powered by a Rocketdyne engine. 

The Autonetics Division creates 
automatic control systems for both 
aircraft and missiles. Only yesterday 
these tiny fail-proof “brains” were 
rare technological triumphs. Yet 
today Autonetics makes them in quan- 
tity—with complete reliability. 


Weapons— manned or unmanned 
Like the Armed Services, North 

American believes both manned and 

unmanned weapon systems have their 


Space Age wind tunnel tests scale models in a 2,500-mile hurricane. It’s first 


of its kind to be built with private funds. 


place. NAA’s Missile Development 
Division, backed by 10 years’ pioneer- 
ing missile research, is at work on 
the GAM-77 advanced air-to-ground 
missile for the Air Force B-52. 

At the Los Angeles Division are two 
manned weapon systems. The 110A 
will reach any place on earth at 2200 
mph and return to strike another day. 
The F-108 interceptor’s very-long- 
range radar and atomic missiles will 
make it lethal to manned bombers and 
some missiles. It will be a flexible 
weapon, able to strike at trouble 
where it starts, before it spreads. 


From defense, the arts of peace 
North American has not confined its 
efforts to defense alone. During the 
past decade it has made great forward 
strides for the good of all men. The 
Peaceful Atom, for example, is the 
field of NAA’s Atomics International 
Division. This division has success- 
fully proved out two nuclear reactors 
to produce electrical power, both 
major advances in the drive to put 
atomic energy to work for mankind. 
Today, in North American and its 
divisions, you'll find as potent a com- 
bination of scientists, engineers, and 
production men as any in American 
industry. Because they are constantly 
forging ahead into vital new tech- 
nologies, their work holds immense 
promise for science and industry. 


Satellite No. 1. A Rocketdyne-built 
rocket engine gave the Army’s 
Jupiter “C” satellite the critical 
first-stage boost toward its orbit. 


NORTH AMERICAN AVIATION, INC. 


SERVING THE NATION’S INTEREST FIRST— THROUGH THESE DIVISIONS 


LOS ANGELES AUTONETICS 


MISSILE DEVELOPMENT 


ROCKETDYNE 


Los Angeles, Canoga Park, Downey, California; Columbus, Ohio; Neosho, Missouri 


COLUMBUS 


ATOMICS INTERNATIONAL 
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Special Solar Skills 
for Advanced Systems 


HIGH-TEMP. HONEYCOMB. Solite®—a 
lightweight, heat-resistant brazed steel, high 
alloy sandwich structure developed by Solar— 
has high potential for use in advanced systems. 


EXPANSION JOINTS. Solar produces the 
largest array of expansion joints in the world, 
including complete ducting systems for air- 
craft, missile, nuclear and other applications. 


PROTECTIVE COATINGS. Solar research 
and development in advanced metallurgy has 
produced a family of high-temperature protec- 
tive coatings far ahead in the field, 


= SO i —_ 


HIGH-TEMP. BRAZING. Using hard-to- 
work metals and high-temperature alloys, Solar 
brazes stronger, lighter systems components in 
specially designed heat-treating furnaces. 


Solar offers proven systems capabilities 


Systems capabilities at Solar embrace 
the design, development and pro- 
duction of airframe, propulsion, 
ground support, guidance and 
control systems. Responsibility for 
Solar’s systems program is centered 
in a team of experts experienced in 
the many sciences related to systems 
technology—from basic design to 
highly-precise experimental, proto- 
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type and volume production. And 
underlying Solar’s systems capabili- 
ties is a backlog of more than thirty 
years of proven leadership in high- 
temperature metallurgy, aerody- 
namics, thermodynamics, combus- 
tion research and others. 

Complete manufacturing and test 
facilities are also available for your 
important systems program. For 
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detailed information about Solar’s 
systems capabilities, or about any 
of the areas mentioned above, write 
to Dept. F-30, Solar Aircraft Com- 
pany, San Diego 12, California. 





SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 














Now...a non-floated gyro 
that cuts random drift 90% 


Sperry’s Rotorace* Gyroscope technique 


uses counter-rotating motor-driven gimbal bearings 


CLOSE-UP of Rotorace gear d 

bearing. Motor on other side of gyro rotates 
outer races of opposing gimbal bearings in 
opposite directions, reversing at predetermined 
intervals. Action averages out disturbance 
torques found in even most precise bearings. 


The revelation of an entirely new engi- 
neering technique, Sperry Rotorace, 
now makes possible extremely accurate, 
low-cost gyroscopes. Reduction of 
random drift rate to only 0.25 degree 
per hour already has been achieved in 
systems using these gyros. And in lab- 


— 


EE i 
% 


? 


oratory tests, drift rates as low as 0.05 
degree per hour have been achieved. 
Rotorace attains this unprecedented 
accuracy by means of a relatively simple, 
low-cost method: A small servo motor 


pg rotates the outer races of two gyro 


gimbal bearings in opposite directions 
. . . then reverses the rotation periodi- 
cally. Result is that friction is cancelled, 
errors due to minute irregularities in 
bearing construction are averaged out, 
and pitting and wearing of bearings is 
virtually eliminated. 

Rotorace gyros make possible the 
accuracy of the Sperry C-11 Gyrosyn® 
Compasses which are now used to 
guide airliners where ultra-precise navi- 
gation is required—especially on trans- 
polar and transoceanic flights. The C-11 
with Rotorace gyros will also provide 
precise navigation for Douglas DC-8 
and Boeing 707 jetliners. In addition, 
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Rotorace gyros provide random drift 
accuracies great enough to enable a 
guided missile to hit a target 150 miles 
away with most probable error under 
50 yards—an accuracy heretofore unob- 
tainable with non-floated gyroscopes. 

If you'd like more information on 
Sperry Rotorace gyros as applied to 
the C-11, or, if you have a special 
application requiring Rotorace accu- 
racy, write our Aeronautical Equip- 
ment Division. *T.M. 


AERQNAUTICAL EQUIPMENT DIVISION 


f GYROSCOPE COMPANY 
Great Neck, New York 


DIVISION OF SPERRY RAND CORPORATION 
BROOKLYN + CLEVELAND + NEW ORLEANS + LOS ANGELES + 


SAN FRANCISCO + SEATTLE. IN CANADA: SPERRY GYROSCOPE 
COMPANY OF CANADA, LTD., MONTREAL, QUEBEC. 
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inertial guidance for the Navy's Regulus Il 























.-- top quality 
gyros and gyro-accelerometers 


now produced in volume 


It takes all the technical know-how of American industry to produce gyroscopes in volume to the quality standards needed for inertia! guidance systems. 
The sensitivity of the gyro-accelerometers (used to sense the slightest deviation in flight) is the key to the success or failure of the missile. AC gyro-acceierometers 
ore setting the world’s highest standards of quality . . . meet minimum tolerances required . . . and they have withstood as much as 5,000 to 7,000 hours of 
operation without significant loss of efficiency. Gyros available for immediate delivery: 75 x 10°; 10 x 10%; 2 x 105; 1 x 104. 

—If you are an engineer with electrical, mechanical or electronic backgrounds, contact Mr. Cecil Sundeen, Supervisor of Technical Employment, Dept. D, in care 
of AC... the Electronics Division of General Motors, Milwaukee 1, Wisconsin. 





Producers of: AChiever Inertial Guidance Systems «+ Afterburner Fuel Controls * Bombing Navigational Computers 
Gun-Bomb-Rocket Sights * Gyro-Accelerometers * Gyroscopes * Speed Sensitive Switches * Speed Sensors * Torquemeters 
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FIELD ATT 


super gem » 


Whack Setachibia hia eli bd tied so ade: 
tage, Weatherhead offers Teflon hose assemblies 
equipped with high performance “super gem” fit- 
tings. These fittings can be attached or detached 
in the field with ordinary bench tools. 
“Super gem" design assures thtee functions: 
1 grips and holds the external wire braid firmly 
2 coals the inate 18s SoS Semiiesinten: 
thus forming a lip seal 
3 positive metal-to-metal line seal 


t Tefion: Du Pont Trademark #“emper gem” : Aeroquip Trademark - 


Titanium Products 
Aircraft Engine Parts 
Roto-Mite® Swivel Joints 
Precision Aluminum, Brass, Steel and Stainless Steel Forgings 
Cored Forgings: Titanium, Aluminum, Brass 

Self-Sealing, Quick-Disconnect Couplings 

MS (ER)® Flareless Tube Fittings = 

Drain, Shutoff, Relief Valves 

Actuating Cylinders 

AN Tube Fittings 

Cluster Fittings 

Jet Nozzles 


S4 


LEAK-PROOF 
BLOW-OFF-PROOF 


EXTREME 
TEMPERATURE 
CAPABILITY 

» over the full pressure 
and temperature range 
of applicable 

Military 

Specifications 


>? Weatherhead Tejlon hose assemblies with Braid- 


Lok end fittings have been qualified on the basis 
of conformance with all requirements of AF speci- 
fication MIL-H-25579. 

Permanently attached hose ends grip the outer 
wire braid, it firmly between two metal 
surfaces and trapping the Teflon inner liner inde- 
pendently to form a perfect seal. 

Specifically designed for use in fluid a 

matic systems on missiles and aircraft. a ged 
figurations available to mate with both flared and 
flareless type connections. 

Reliable operation at high pressures in extreme 
temperature range (—65° F. to +500° F.). 
Chemical inertness and resistance to corrosive 
action of practically all aviation fluids within the 
above temperature range. 


Vibration and fatigue-resistant . . . 
temperature extremes. 


Light and compact for fullest design utility. 

Freedom from line contamination. 

Non-aging . . . indefinite shelf life assured. 
pressure -¢ Braid- Lok Teflon hose assemblies, 


flexible at both 


High | 
for 3000 psi systems, now quuvied and available 


. other sizes now in 


in ¥,” and %” diameters . 
process of qualification. 


a 


THE WEATHERHEAD COMPANY 
AVIATION DIVISION 
300 E. 131st Street Cleveland 8, Ohio 


West Coast: 
1736 Standard Ave., Giendaie, Calif, 


in Canada: 
127 inkerman St., St. Thomas, Ontario 


Cable Address: WEATHCO 
Distributors in Principal Cities 
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Testing & Pilot Plant Section 

Executive & General Offices 

Reception Area 
Engineering 
Drafting Section 
Computor Section 


Restricted Area 
















The newly completed Kett Technical Center—research and development center for 
U. S. Industries, Inc. These facilities are available to help you with your own Research 
and Development projects. Facilities for manufacturing your product are available to 
you in the manufacturing divisions of U. S. Industries, Inc. 





KETT TECHNICAL CENTER 


POMPANO BEACH, FLORIDA 














INCOMPARABLE FACILITIES FOR RESEARCH, DEVELOPMENT 
AND MANUFACTURING ...AT YOUR SERVICE 


Here is an unusually well organized service that 
can help yo Ss ur company plan its future products. 
The new Kett Technical Center, U. S. Industries’ 
own research and development subsidiary was 
designed from the ground up to produce the kind 
of creative engineering you may need for your 
own R & D pro 

The Kett ‘echnical Center’s plant in Pom- 
pano Beach, Florida was deliberately designed 
and located to attract the nation’s top engineering 
talent. and build facilities are here for designing, 
testing and building prototype models. The data 
processing laboratory is equipped with digital 


and analogue computors. In addition, a restricted 


oO Achievements in the Aeronautical and Nuclear Fields 


orne maintained for handling all Classified 
work. 

Although the plant is new, Kett is no new- 
comer to Research and Development. Its achieve- 
ments are already widely recognized in the fields 
of Nuclear, a Electronic and 
Mechanical Engineerin 

In addition to eek and Development, 
Kett, through its affiliation with other U. S. 
Industries, Inc. divisions can arrange to carry out 
any assignment including the complete produc- 
tion of your product. Get in touch with Kett 
Technical Center by calling, writing or making a 
call in person. 


This supersonic pitot-static tube is used to measure air 
speed of high speed military aircraft. Electric heating pre- 
vents ice formation in any atmospheric conditions. 


This automatic seal weld cutting machine is used in re- 
placing control rod mechanisms which regulate the power 


of the reactor used in the submarine “Nautilus.” 


OPENINGS FOR RESEARCH ENGINEERS. 
SEND QUALIFICATIONS TO PERSONNEL 
DIRECTOR, KETT TECHNICAL CENTER. 


. INDUSTRIES, 


INC. sa 
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1. integral quality of all Com-Air products; result of imaginative 
Pa ultra-precise manufacturing and super-rigid inspection. 


When the long and costly count-down ends, will it be success, or failure? The answer can rest on the 
reliability of the smallest component part! Com-Air's pledge to you is absolute dependability in acces- 
sories for hydraulic, pneumatic and fuel applications...in prompt answers to problems of pressure, 
flow, and actuation. Com-Air specialists are expert in research, design, testing, and ultra-precise 
manufacture. Example: The specialized manifolded accumulators shown below replace fuel pump 
and motor in a short range missile application. Saves weight, space and money. You can depend on 
the re-li’a-bil’i-ty of Com- Air products. 


COM:*AIR MANIFOLDED ACCUMULATORS ¢€ rt) ne & i r 
Operating pressure : 6000 PSI 
Temperature : — 65° to + 275°F PRODUCTS 
Fluid: MIL — 0 va 5606 1201 RIO VISTA AVENUE - LOS ANGELES 23, CALIFORNIA 
A DIVISION OF A.$-R PRODUCTS CORPORATION 
DESIGNERS AND MANUFACTURERS OF HYDRAULIC, PNEUMATIC, AND FUEL CONTROL EQUIPMENT 
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 TEMPERATURE’S 
RIGHT FOR THE 
CESSNA’S FLIGHT! 





Temperatures made to order for all 


types of aircraft engines. Harrison 
heat exchangers are rugged, reliable Harrison-Cooled Cessna, Fully Loaded, 


and compact .. . engineered to 
provide the optimum in cooling efficiency. Climbs 415 Feet Per Minute On One Engine! 
Ready for take-off . . . and Harrison’s ready to take care of 
the heat! This ultra-modern Cessna 310-B, with a host of 
new safety features, relies on Harrison oil coolers for sure, 
dependable temperature control. Harrison heat exchangers are 
compact, lightweight to save space and increase payload. 
They're specially designed to do the job and do it better. And 
Harrison’s on every type of aircraft, from supersonic jets to private 
planes. You can count on Harrison, with over 47 years in the 
manufacture of heat-control equipment, for a top-quality product. 


If you have a cooling problem, look to Harrison for the answer. 


7EMt PE “> x 
Oe. 
Ss 


“ADE To ORDEF 


SON es 


HARRISON RADIATOR DIVISION e GENERAL MOTORS CORPORATION « LOCKPORT. N.Y 
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NAS 144 SERIES NAS 624 SERIES FLEXLOC SELF-LOCKING N SPECIAL F 
INTERNAL WRENCHING BOLTS EXTERNAL WRENCHING BOLTS - mee on Se 


More reliable fastening 
for aircraft and missiles 


—proved in application 


SPS Hi PSI EW8-22 FLEXLOC EXTERNAL 
(220,000 psi) FASTENERS WRENCHING LOCKNUTS At SPS we apply a dynamic standard of 


quality—continually refined—so that our 
nike. fasteners will always have the high relia- 
Ke bility factor required by today’s faster 


speeds, higher temperatures, and greater 
dynamic forces. 


This emphasis on reliability has resulted in development of 
fasteners with increasingly higher strength-to-weight ratios, 
longer fatigue life, and better resistance to the deteriorating 
effects of heat. Notable examples include SPS Hi Ti bolts—the 
first successful titanium aircraft fasteners; EWB-22 bolts—a 
FLEXLOC SELF-LOCKING FLEXLOC FLW SERIES LIGHTWEIGHT, 220,000 psi replacement for conventional MS 20004 types; and 
CUNCH NUTS WIGH-STRENGTH LOCKNUTS Hi Tm 9 fasteners—a unique bolt and locknut combination 


pe rp 8 a providing 170,000 psi at Mach 3-4 skin temperatures. 
— " For complete information on SPS fasteners, write Aircraft/ 


Missiles Division, STANDARD PresseD STEEL Co., Jenkin- 





High Reliability 














Unbroko Socket Screw Co., Ltd. 


SS town 3, Pa. 
- 
' Jenkintown Pennsylvania 
Standard Pressed Steel Co. * The Cleveland Cop Screw Co. * 
Columbio Stee! Equipment Co. © National Machine Products Co. 
S P 2 y< © Nutt-Shel Co. © SPS Western © Standco Conado itd. © 


AN STANDARD TORQ-SET 100° FLUSH HEAD 
6-DIGIT ENGINE BOLTS SHEAR BOLTS 


iS 


SPS SELF-LOCKING FLEXLOC HIGH. SPS EXTERNAL WRENCHING SPS HI TI TITANIUM 
LIGHTWEIGHT NUTS TEMPERATURE NUTS ENGINE BOLTS AIRCRAFT BOLTS 


SPS EWB HI TM 9 HIGH- HI-TORQUE 100° FLUSH HEAD MS 20004 SERIES SPS Hi TI TITANIUM LOCKBOLTS 
TEMPERATURE FASTENERS SHEAR BOLTS INTERNAL WRENCHING BOLTS (PULL AND STUMP) 
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...CEC’s 5-122 Recording Oscillograph 
permanently records 26 channels of data simultaneously (plus 2 reference traces) on film or paper 


CEC’S 5-122 IS BUILT TO TAKE !T—tosurpass the endurance MASTER TIMING UNIT supplies 
of ordinary instrumentation. Compare this combination of Jie timing pulses to the 5-122. Can 
environmental operating specifications with any oscillograph _ a : control up to 10 oscillographs 
made: Temperature range from —65° to +250°F at alti- a and may be remotely located. 
tudes to 120,000 feet ... Will withstand a steady accelera- : 
tion of 15 G’s along any of its three major axes without 
interruption or deterioration of its performance . . . Oper- CONTROL UNIT contains all con- 
ates in salt-sea and dust-laden atmospheres and in a relative trols for operation of oscillograph. 
humidity up to 100% at + 122°F...Explosion-proof certi- Is also ideal for remote operation. 
fication... Built-in vibration isolators provide firm protective 
support and eliminate the need for external shockmounts. HIGH-TEMPERATURE GALVANOMETERS — 
CRASH-RESISTANT MAGAZINE. The all-important record of ah , CEC High-Temperature Galvanomoters 
: - _ : guarantee high sensitivity and accuracy in 
test results is always secure in the 5-122’s record magazine. . aene 
- . ha : ° ambient temperatures to 250°F for ex- 
This crash-resistant unit is engineered to withstand the same : ‘ : 
b th il h plus a shock of 200 G’s for 444 tended periods. Fluid and magnetically 
’ tien adie [ae es pili damped types cover frequencies from 0 
AD eNa Te to 3000 cps. Write for Bulletin CEC 


NOTHING SACRIFICED FOR ENVIRONMENTAL SPECIFICA- 1528-X16. 


TIONS — Standard features of the 5-122 include a writing 
sj °d of more than 12,000 ips... jump-speed selector .. . 


flash timing ... 12 record speeds from 0.047 to 96 ips... Consolidated @ 


automatic record identification... and provision for syn- 
chronous operation with an over-all data acquisition system. 


The 5-122 weighs only 80 Ibs. fully loaded and is 11” wide, Electrodynam ics 


8” high, 1842” long. 
300 North Sierra Madre Villa, Pasadena, California 
For complete detaiis, contact your nearest CEC sales 
and service office or write for Bulletin CEC 1585-X10. OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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AEROQJET-GENERAL CORP. 


A SUBSIDIARY OF THE GENERAL TIRE & RUBBER COMPANY 


Engineers, scientists — investigate outstanding opportunities at Aerojet. (Plants at Azusa and near Sacramento, Calif.) 
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to provide facilities for today’s sky giants... 
= such as Hangar No. 9, for the New York 
" Port Authority at International Airport, 
' / for EASTERN AIR LINES!” 


MR. EUGENE NEDBOR, Vice President And we've found that International has the ability and experience to provide 


Cauldwell-Wingate Co., 


Gadel Ganisaatath, fais Verh Che hangar doors engineered to specifications . . . designed for fast, easy 


operation under any climatic condition, and with lifetime weather-tightness, 


No wonder we've come to depend on International Service!” 


AVIATION DIVISION 


INTERNATIONAL STEEL COMPANY 


1457 Edgar Street - Evansville 7, Indiana 
v/ 


® Why not make use of International’s experience in aviation hangars 
and doors for the project you may be planning? 
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Can you name this 


- Set 


Clue: The Southern textile center it serves lies just 
east of the Blue Ridge Mountains. (Answer below.) 


Now test your aviation-oil memory: Can 
you give two important reasons why Gulf oils 
are better for your engine? 
1. In addition to providing efficient, thorough 
lubrication, Gulf aviation oils help keep engines 
clean—and safe! 
2. Gulf-clean engines can go longer between 
overhauls, because there’s less wear and tear 
on engine parts. 

Choose either new Gulfpride Aviation Oil 


Series D, the detergent oil, or Gulf Aircraft 
Engine Oil, the straight mineral oil—both keep 
your engine Gulf-clean and safe. 

The airport is the Greenville, South Carolina 
Municipal Airport, a little over three miles east 
of the city. All runways are paved. The longest 
is 5,395 ft. 

When you land here, we know you'll be 
pleased with the friendly Gulf service and the 
fine Gulf products available. 


Fly safely with a 
Gulf-clean engine 


AVIATION PRODUCTS 
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Here’s your new ANSWER! : 


‘ 


PHOTOGRAPHED ACTUAL SIZE 
BALL CIRCLE DIAMETER: %« INCH 


WORLD'S SMALLEST ball “bearing SCREW SOLVES 
CRITICAL MINIATURE POSITIONING “CONTROL PROBLEMS 





NUT TRAVELS: When rotary motion is applied to the screw, 
the b/b nut glides along the axis of the screw on roll- 
ing steel balls, converting rotary force and motion to linear 
force and motion with 4/5 less torque than acme screws. 


rolling steel balls, converting rotary force and motion to 
linear force and motion with unprecedented efficiency. 


| 





An unprecedented achievement in minimum size 
and weight—maximum efficiency, dependability and 
service life for ultra-precise controls. 


It’s another first from Saginew—and the 
possibilities it opens up for improved 
electrical and electronic controls are 
limited only by your imagination! Radar 
tuners, missile and rocket guidance and 
telemetering systems, automatic switch- 
gear, electronic machinery controls are 
just a few of the applications where this 
new miniature Saginaw b/b Screw will 
solve critical positioning /control problems. 
It’s so compact and light, you can save 
substantially on space and weight. It's so 
efficient, (over 90%) you can use much 


smaller motors and gear boxes. /t's so 
precise, you can position components 
within .0005 inch per inch of travel. 
It's so dependable, you can rely on re- 
markably long service life even in 
adverse environments. 


You will find our 1958 Engineering Data 
Book extremely helpful in planning 
applications, or experienced Saginaw 
engineers will gladly make specific re- 
commendations without obligation. Just 
phone, write or mail the handy coupon. 


LET SAGINAW’'S EXPERIENCED ENGINEERS HELP SOLVE YOUR SPECIAL 
APPLICATION PROBLEMS . JUST WRITE OR PHONE US—NO OBLIGATION 


CLOPUNLOUUU 
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SAGINAW STEERING GEAR DIVISION + GENERAL MOTORS CORPORATION + SAGINAW, MICHIGAN 
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For greatest reliability in the hot spots 


new HAIR series 


1000°F continuous 
duty type 


The most advanced design to protect 
against extreme heat, nuclear 

radiation and moisture formation. 
Moistureproofing on these connectors 

is accomplished by means of 

ball cone seals on mating surfaces. 
Available in production quantities in 
wide range of MS-type shell styles 

and sizes. Two to 24 contacts per shell. 
Wide variety of insert patterns that 

mate with standard MS types. 

A modification of the HR series, rated at 
650°F continuous duty, is also available. 


Write today for Technical Bulletin T-11 1 


new KE series 
Q A Moisture-resistant 
ve 


firewall type 


First plug to satisfy both high-temperature 


requirements for fireproof Class MS-K 
connector and vibration-proof, moisture- 
proof requirements of MS-E Class. 
Meets 2000° flame test specified 

in MIL-C-5015—stands up under 400°F 
continuous operation.Fluorinated 
silicone seals for moisture-proofing 
improve resistance to oil and skydrol 
hydraulic fluid. Two basic shell types for 
conduit and wire bundles. Wide 

variety of insert arrangements and shell 
sizes in long and short types. 


Write today for Technical Bulletin T-98 


27,000 KINDS TO CHOOSE FROM! 

Call on Cannon for all your plug needs. If we don’t have what you want, we'll make it for 

you — whether you need one or a million. We're ready to help you at any stage —from basic 
design to volume production — with the largest facilities in the world for plug research, 
development and manufacturing. Write us today about your problem. Please refer to Dept. 110. 


2 GANNON PLUGS 


3208 Humboldt Street, Los Angeles 31, California 


Where Reliability for youR Product is Our Constant Goal. 


see your Telephone Yellow Book or write factory. 
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HANCE V UGHT F8 


...avuaton’s standard transparent plastic 


PLEXIGLAS is a trade-mark, Reg. U.S. Pat. Off. and in other principal countries 


Toronto, Ontario, Canada. 


in the Western Hemisphere. Chemicals for Industry 
Canadian Distributor: Crystal Glass & Plastics, Ltd., 130 Queen’s Quay East, ER | ROH: =& HAAS 


COMPANY 
WASHINGTON: SQUARE, PHILADELPHIA S, PA. 
Representatwes in principal foreign countries 
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The PLANE 


Convair’s F-102A, USAF 
single-seat, supersonic, all- 
weather, delta-wing fighter. 
The F-102A was the first of 
Convair’s supersonic delta 
wings to become operational. 
It is powered by one Pratt & 
Whitney J-57-P-35 turbojet, 
with afterburner. 


The PROBLEM 


Canopy seal. A positive seal 
must be maintained between 
canopy and fuselage to hold 
cockpit pressure. The seal 
must stay resilient when 
exposed to extreme tempera- 
tures at flight altitudes; must 
also resist a relatively high 
concentration of ozone. 


The PART 


---- DI LAOTIE 


Silastic*, the Dow Corning silicone 
rubber, was specified for this seal 
because of its elasticity at —130 F; 
its resistance to ozone, moisture, and 
extreme temperature cycling; and 
its low compression set. Silastic will 
meet your seal requirements, too: 
ask your rubber supplier for further 
information, or write Dept. 096. 


*7.M.REG.U.S.PAT.OFP, 
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Dow Corning 


CORPORATION 
MIDLAND. MICHIGAN 
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FLEXIBLE CONNECTORS, in a variety of sizes, constructions, materials, 


wt 
are designed to meet many working condi- 


tions. Our sales representatives in cooperation with our engineering design service will be glad to be of assistance. 


BIG space-age problems get 
BIG flexible metal tube answers 


Large-diameter flexible metal connectors in stainless steel and other alloys—to handle expansion 
and contraction, wide range of temperatures, corrosive fluids, high pressures, and vibration. 


Jet engines, modern chemical plants, rockets, atomic energy 
plants have created a new technology that calls for new 
products. The American Metal Hose Division of The 
American Brass Company is constantly working with de- 
sign engineers on special flexible connector assemblies to 
meet new problems. 

Equipped to work in stainless steel, Monel, and alumi- 
num as well as in other alloy steels and copper alloys, these 
Anaconda specialists welcome the opportunity to help you 


gneve CONNECTOR. must MOVE 


Vig, AMERICAN 


al FLEXIBLE METAL HOSE AND TUBING 


ANACONDA 


product 


get the flexible metal hose you need to meet your problems 
of expansion and contraction, movement, vibration, cor- 
rosion, pressures, and temperatures. 

FREE TECHNICAL SERVICE. For engineering assistance on spe- 
cial products—or for a free copy of our General Catalog 
showing the full line of standard American Flexible Hose 
and Tubing products—write: The American Metal Hose 
Division, The American Brass Company, Waterbury 20, 
Connecticut. 58168 





THE AMERICAN BRASS COMPANY 
American Metal Hose Division, Waterbury 20, Conn. AW 


Please send me your free, 60-page General Catalog contain- 
ing basic information on all types of metal hose and tubing, 
fittings, etc. 


NAME & TITLE 
ADDRESS 
COMPANY 


CITY, ZONE, STATE..........+- 











PIONEERS OF THE THERMAL FRONTIER 


Eastvu. 


COOLING ELECTRONIC 
SYSTEMS FOR MISSILES 





NEW FLUIDS FOR THE MISSILE AGE 

















advanced 


vm COOLING 
ELECTRONICS 


extends missile performance 


EASTERN AVIONIC COOLING SYSTEM IS LIGHTER . . . 
SMALLER . . . MORE RELIABLE 


Electronic ipment is vulnerable to the fantastic heat 
encountered missiles. Eastern liquid cooling and re- 
frigeration systems maintain safe avionic operating tem- 
perature limits even in the 800°F. environment present at 
five times the speed of sound. 


MINIATURIZING ALL COMPONENTS 


In addition to efficient, reliable operation, Eastern cooling 
systems are miniaturized to meet the most rugged missile 
requirements for space and weight. By using Monsanto 
Coolanol 45* fluid, a 24,000RPM hydraulic pump no bigger 
than a fist can be used. Coolanol 45 keeps the high-speed 


pump lubricated, as well as providing a coolant with out- 
standing qualities. The high boiling point of Coolanol 45 
—_ a smaller system since temperature maintained can 
higher. Coolanol 45 is an excellent heat-transfer medium 
with good dielectric properties. Adequate viscosity assures 
long life of precision hydraulic pumps. Systems are easily 
sealed to prevent contaminating air leakage, and the low 
foam tendency of Coolanol 45 minimizes circulation troubles. 
DESIGNS TO MATCH MISSILE PERFORMANCE 
Using a basic liquid cooling system, or by adding refrigera- 
tion cycle, cold plates, or evaporative cooling as needed, 
Eastern can protect electronic equipment under the severest 
temperature conditions. Come to the leader in the field for 
complete and creative help. 


LIQUID COOLING SYSTEM 


(model shown weighs 10 ibs. -- 
measures 10-1/2" x 6" x 7-3/4") 


Eastern subsystems and systems for missiles and aircraft 
AVIONIC COOLING e@ REFRIGERATION e HYDRAULIC POWER PACKS e PRESSURIZATION-DEHYDRATION 


For bulletin 0-123 on Coolanol 45, write 


MONSANTO CHEMICAL COMPANY 


Aviation Fluids Dept. AV-3 
Lindbergh and Olive Street Road, 
St. Louis 24, Mo. 


1 45: M ten treecl, 


Monsanto 


Cool rk (formerly OS-45) 





For aviation bulletin 350, write 


EASTERN INDUSTRIES, INC. 
100 Skiff Street 
Hamden 14, Conn. 
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It’s one thing to peer through a sight at an enemy sub- 
marine. And it’s quite amaaiee to peered at. 

At the Mechanical Division of General Mills, we help the 
U. S. Navy take both views into consideration. We build 
weapons to destroy enemy submarines should we ever be 
attacked. These are the latest in a series of ordnance items 
we have built for the Navy since before World War II. 
And, we build radar antennas and related equipment to 
help our submarines to defend themselves. 


..- possibly you too can benefit from our defense production experience 


The Navy is only one of our military customers. 
For the Air Force and Army we make or have 
made bombsights and gunsights, missile guidance 
and control equipment, search and surveillance 
systems and other electro-mechanical devices. 
We'd like to tell you more about how we com- 
bine creative engineering and fine precision pro- 
duction to serve industry and the military. Our 
unified team can handle research, development 
or manufacturing—or the entire package. 

Write Dept. AW-6, Mechanical Division of 
General Mills, 1620 Central Ave., Mpls. 13, Minn. 


MECHANICAL DIVISION | Cfecr”" 
Creative Research and Development + Mil ' Ss 
Precision Engineering and Production 
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problem: design fuel 
manifolds to accommodate 


gimbal action on the first 
stage Vanguard engine 


AS I IME iC ty a A hE Rs 


Aeroquip Solved it with 
High Performance Hose 
and Tube \ Assemblies 


Aeroquip—leading producer of flexible hose lines AND pre- 
cision tubing—weas the logical source for the two fuel line 
assemblies on the General Electric X-405 engine that powered 
the first stage of the Vanguard Vehicle. 

Aeroquip 601 Lightweight Engine Hose, used in connection 
with tube assemblies, made it possible for the fuel lines to 
adjust to the gimbal action of + 5° in either plane to control 
the vehicle's direction. 

Other Aeroquip products on the Vanguard included High 
Pressure Hose Lines for the hydraulic system, and KEL-F Hose 
for the safe transfer of nitric acid during fueling. 

Years of experience, complete product lines and start-to- 
finish engineering service make Aeroquip first in missile plumb- 
ing. Use the coupon below to get complete information quickly. 


= \eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 
AEROQUIP CORPORATION, WESTERN DIVISION, BURBANK, CALIFORNIA 
‘ . 7 . AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 
Model of the X-405 Engine, showing the Aeroquip Fuel Assemblies. AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. CANADA AND ABROAD 


AEROQUIP CORPORATION, JACKSON, MICHIGAN — PLEASE SEND LITERATURE AS INDICATED: 
] Custom fittings and adapters. ["] 5 Fuel and oil quick-connect _ , 
in accordance with | | ows ay 
diameter hose lines of 3 LJ 
? = ok Oo MilLC 413A, wat”. 


ter comerion Gulte, § Presson wate and toes om (>) 


C—O 


TITLE. 





Stare Bye of Tefion with pat- 
* “super gem 
atures, all pressure ranges. load. _ e ADDRESS 





COMPANY 





KEL-F is M, W, Kellog's trade nome for fluorocorbon polymers Teflon is Dupont’s trade name for its tetrafluoroethylene resin 
“super gem”? is on Aeroquip trademark *U. S. Patent Nos. 2,833,567and 2,731,279 
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Guiding a missile, or speeding flight and flight environmental 
data back to control and tracking centers, is too much of a job 
for conventional communication systems. Supersonic speeds 
call for lightning fast data communications, coupled with the 
utmost reliability. 


Capitalizing on the ease of converting messages into digital 
form, Motorola scientists and engineers have developed a num- 
ber of Data Link Communications Systems suitable for piloted 
aircraft, as well as missiles. 


NERVE CENTER FOR DATA LINK SYSTEMS 


With Data Link Systems, messages that have been translated 
into on-off pulses can be transmitted by any of the common 
modulation schemes with a suitable carrier. The transmitter can 
be air-borne, ship-borne, or land-based. Received messages are 
amplified, decoded, and transformed into a form suitable for 
display, or stored for some future time, or used for direct control 
through auto pilots, for example. 


One of the Data Link Systems designed at Motorola utilizes an 
all-transistor converter-coupler, packaged in modular form. 
The total system consists of eight modules, each approximately 
4” x 8” x 1%”. The fully transistorized circuitry is of the highly 
reliable diode-matrix type logical circuitry used in many digital 
computers. The switch type transistors employed are a product 
of the Motorola Semi-Conductor Division. Indicative of the 
stringent testing program to which the transistors are subjected 
is a 1000-hour life test at 85° C. 


For another Data Link program, Motorola has designed a 
system featuring resolver-type outputs. A single time-shared 
servo amplifier positions anyone of the five resolvers in accord- 
ance with commands from the ground transmitter. 


These two Motorola Data Link Systems aimed at solving one of 
the important communication problems of the missile age are 
examples of the complex programs conducted by Motorola for 
varied military needs. 


A A MOTOROLA INC. 


MILITARY ELECTRONICS DIVISION 
Chicago Area Center ¢ 2710 N. Clybourn Ave. e Chicago, Ill. 
Western Area Center e 8201 McDowell Road e Phoenix, Arizona 





Positions open to qualified Engineers and Physicists 
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°. Fieia Equipment Design Missile Systems Sond State 
Systems Countermeasures Engineering and Modernization and Components Physics 
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QUALITY 
PERFORMANCE 
EXPERIENCE 


in a light weight package 


In defense preparedness and space conquest programs, Stewart 
& Stevenson Ground Support Units offer the maximum in 
performance characteristics and dependability. They are light 
weight, compact, provide greater accessibility, low noise level, 
minimum maintenance, 

This Stewart & Stevenson All-Weather 45 KW, 400 Cycle AC 
Diesel Ground Support Set, with an electric load sensing 
governor, is typical of those being used in our missile and 
defense programs. 

Stewart & Stevenson brings experience to the ground support 
generator field . . . experience that is practical, tried and proved 
on both military problems and thousands of commercial appli- 
cations where success depends on day-in-and-day-out operation. 
Stewart & Stevenson provides undivided service responsibility 
and guarantees units to perform as specified. Please write for 
complete information and specifications on performance-proved 
Stewart & Stevenson AC Diesel Generator Sets. 


STEWART & STEVENSON SERVICES, INC. 


Main Office and Plant: 4516 Harrisburg Bivd., Houston 11, Texas 
Phone CApitol 5-5341. 
Branches: Corpus Christi, Dallas, Lubbock, San Juan, Odessa. 
Representatives: San Antonio, Longview, Bro ille, Tyler, Pecos 
Export: Room 1405, 74 Trinity Place, New York, N. Y. 


THE WORLD’S 
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LARGEST DISTRIBUTOR OF 


Self-Propelled Generator Set for 
Jet Starting. 


400 cycle precise power 
60 KW - 150 KW 
Diesel or Gasoline Powered 


DIESEL ENGINES 


55 





these nuts 
can be replaced 
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PERFORMANCE 
EXPERIENCE 





in a light weight package 


In defense preparedness and space conquest programs, Stewart 
& Stevenson Ground Support Units offer the maximum in 
performance characteristics and dependability. They are light 


4 » weight, compact, provide greater accessibility, low noise level, 
minimum maintenance. 
This Stewart & Stevenson All-Weather 45 KW, 400 Cycle AC Self-Propelled Generator Set for 
Diesel Ground Support Set, with an electric load sensing Jet Starting. 

> . * . . . . 

¥ governor, is typical of those being used in our missile and dads eee cover 
defense programs. 60 KW - 150 Kw 
Stewart & Stevenson brings experience to the ground support Diesel or Gasoline Powered 











generator field . . . experience that is practical, tried and proved 
on both military problems and thousands of commercial appli- 
cations where success depends on day-in-and-day-out operation. 
Stewart & Stevenson provides undivided service responsibility 
and guarantees units to perform as specified. Please write for 
complete information and specifications on performance-proved 
Stewart & Stevenson AC Diesel Generator Sets. 


STEWART & STEVENSON SERVICES, INC. 


Main Office and Plant: 4516 Harrisburg Bivd., Houston 11, Texas 


Phone CApitol 5-5341. 
Branches: Corpus Christi, Delles, Lubbock, - Juan, Odessa. 
Representatives: San Antonio, t , Br ille, Tyler, Pecos 





Export: Room 1405, 74 Trinity Place, New York, N. Y. 


THE WORLD’S LARGEST DISTRIBUTOR OF DIESEL ENGINES 
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HERE’S THE 5 SECOND METHOD 


Low Cost No more than the nuts you 
are now using. 

Light Weight As light or lighter than 
anything available. 

Accepted Meets latest military re- 
quirements. 

Available Available in all popular 
thread sizes, we ship from 
stock. 


Insert removal tool, 
ard Only One Inexpensive Removal 


Tool Is Needed 


Only one inexpensive removal tool, (in 
two sizes) is needed, to handle the five 
most used thread sizes in the nine styles 
of self-locking nuts in the TIMESAVER 
line. This procedure may be repeated as 
often as necessary without impairing per- 
OMataAvawa formance. The same nut element is used, 

-_ may be pepe. in all standard 

>. . y styles. Even the spacer nuts are inter- 
dil a changeable. This is not only a convenience 
é > ‘> 7 for you; it means a reduction in your 


Install new nut ala - stock problems. 
3 sam a5. af moms 


screw sesvee, iver. This ‘le 


— 


MAKE THIS SIMPLE TEST YOURSELF 
haven’t tested the TIMESAVER nut, write today for demonstration plate and 


CH &S-3693 Ci 4-419) 





ou 
ey Convince yourself how fast and easy it is to replace a Nutt-Shel TIMESAVER 61) AIRWAY 
GLENDALE 1}. CALIFORNIA 


nn Write today on your letterhead. 
An Sps Company 








AIRCRAFT 
DALLAS 





When Temco engineered and developed the aft-fuselage and 
vertical stabilizer section of Convair's B-58 Hustler . . . the wing 
section and fuselage panels of Temco’s own TT-1 jet trainer. .. 
the wings of the air-launched ‘‘Teal’’ missile . . . the aircraft in- 
dustry acknowledged Temco as a leader in development and 
production of honeycomb sandwich and hi-temperature struc- 
tures. Missile applications currently programmed are substan- 
tial recognition of Temco’s stature. 


At Temco metal and plastic sandwich structures have been 
Wells employed in all types of airframe applications, with notable 
development in the field of stronger, higher heat-resistant 
INQUIRY IS metal bondings . . . in improved plastic materials and methods 


fol0|-mol-) ama ici = of reinforced plastic honeycomb fabrications. 


AT Other outstanding advances now under development at Temco 
are a new low-cost process for brazing stainless steel honey- 
comb structures, employing a revolutionary new Concept... 
and experimental progress in the new field of ‘‘cermets."’ 


Since pioneering the ‘‘total package’’ concept of subcontract- 
ing... design, tooling and production . .. Temco’s engineering 
staff and facilities have increased significantly, a growth as 
rapid and as sound as that of the industry they serve. Today 
these design support capabilities have been extended to en- 
compass complete systems management. Whether your need 
is for a component, a subassembly, or a subsystem, an inspection 
of Temco capabilities will prove profitable. 
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_==—FLY WEATHER-WISE 


These weather items prepared in consultation with the United States Weather Bureau 


warm 
"\ 


oy 
cloud 


CIRCULATION PATTERNS 


Clockwise circulation of air around High Pressure areas 
and counter-clockwise flow around Lows in the northern 
hemisphere are well known to most pilots. However, 
there are some lesser-known features of Highs and Lows 
which have become apparent with the progress made in 
upper air analysis. 


Warm Highs— Extend to levels above 10,000 ft. with 
temperatures generally warmer than Standard Atmos- 
phere. As this type of High extends farther aloft, it 
often assumes an elliptical shape with major axis lying 
N/S to form a Ridge. This Ridge normally moves very 
slowly, blocking eastward movement of weather systems 


at lower levels, often causing prolonged periods of fair 
or rainy weather in adjacent areas. Weather in warm 
Highs is usually dry, fair and often hazy. 


Cold Lows— Extend to high levels with temperatures 
generally colder than Standard Atmosphere. Their nor- 
mal eastward mqvement slows until sometimes the cen- 
ter aloft becomes stationary or even retrogrades west- 
ward. This is called a Cold Low because of concentration 
of cold temperatures near the center. V-shaped elonga- 
tion of these Lows toward the south is referred to as a 
Trough and marks region of wind shift and possible 
clear air turbulence. 


Forecast: Top Flight Performance with 





Mobilgas Aircraft and Mobiljet fuels! 


For piston engines: Mobilyas Aircraft helps assure availability 


of full power from takeoff to landing. 


For jet engines: Mobiljet fuels available for wide extremes in 
flight temperature conditions. Free flow assured under all con- 


ditions. Excellent thermal stability. 


You’ re 


Miles Ahead 


SOCONY MOBIL OIL COMPANY, INC., and Affiliates: MAGNOLIA PETROLEUM COMPANY, GENERAL PETROLEUM CORP., MOBIL OVERSEAS Of CO., INC. 
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minimizes transistor derating 


for thermal conditions... 


UAP cold plate U-521330, designed for Collins 
Radio Company, dissipates heat generated by power 
transistors used in ground and airborne electronic 
circuits. The heat is transferred across a pressure 
thermal contact to cooling air. The cold plate con- 
trols the transistor junction temperature within op- 
erating limits compatible with the installation. 
Therefore, transistor derating is minimized. 

The cooling air, which is forced through the cold 
plate, can be ducted from an air cycle refrigeration 
system; a ram air supply; an air manifold within 


the electronic compartment or a pressurized equip- 
ment package. 

The aluminum cold plates are bonded by UAP’s 
dip braze method which produces extremely light- 
weight assemblies with maximum heat transfer area 
within the core. Cold plates can be used individually 
or assembled in manifolded banks. 


For complete information call the nearest UAP Contractual Engineering Office 


CALI 
NEW YORK........ 


OHIO. ..coccceneses> . 
CANADA... cesses -- ee 


1101 Chestnut St., Burbank Calif., VI 9-4236 
. -50 E. 42nd St., New York 17, N. Y., MU 7-1283 
.. 1116 Bolander Ave., Dayton, Ohio, BA 4-3841 


. United Aircraft Products, lid., 5257 Queen Mary Road, 


Montreal, Canada, Elwood 4131 


a famous family of aircrafl essentials since 1929 


UNITED AIRCRAFT PRODUCTS, INC. 


1116 BOLANDER AVENUE, 


DAYTON, OHIO 
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speciFY LAinpDe Sapphire 


TRAODE- MARK 


LINDE Sapphire is... LINDE Sapphire has... LINDE Sapphire is 
Hard — Moh 9 Strength at elevated temperatures available as... 
Transparent, single crvstal, pure High melting point —2040° C, Windows 
aluminum oxide Excellent IR transmission Domes 
Nonporous—0% porosity at high temperatures Rods and tubes 
Easily sealed to metals and ceramics (above 500° C.) Special shapes —to order 
Priced competitively with 
sintered materials For more information about Linpe Sapphire . .. Write “Crystals Dept. 
AW-63” Linpe Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. In Canada: Linde Company, 
Division of Union Carbide Canada Limited 





uU WN | ORI ENGINEERS AND SCIENTISTS interested in work- 
ing in Synthetic Crystal Sales & Development, contact 
Mr. A. K. Seemann, Linde Company, 30 E. 42nd St., 


roe isiie) = New York 17, N.Y. 














The terms “Linde” and “Union Carbide™ are registered trade-marks of Union Carbide Corporation. 
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Bendix Canistered Inverters, envi- 
ronment-free and completely 
sealed, are now in production for 
the Atlas and Thor missiles. 
Designed for dependable and effi- 
cient operation, Bendix Canistered 
Inverters are completely sealed 
against the effects of altitude and 
can withstand conditions from 
sea level to outer space. 

Cooling techniques employed 
enable these units to provide 
full-rated output throughout the 


Red Bank Division 


flight without external cooling. 
Both voltage and frequency regu- 
lation are accomplished by static, 
magnetic amplifier-type regula- 
tors. Since these regulators have 
no moving parts, output voltage 
and frequency are not affected by 
vibration and shock. The total 
harmonic content of the output 
voltage per phase is less than 5%. 

Bendix Canistered Inverters are 
the product of years of develop- 
ment and experience in manufac- 
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BENDIX CANISTERED INVERTERS 


Withstand the Effects of Temperature, Vibration 
and Acceleration at Blast-off and Will Function 
Perfectly at Any Altitude, Including Outer Space 


turing electrical power equipment 
for aircraft and missiles. They are 
engineered to meet the strenuous 
requirements in performance and 
reliability called for in today’s 
(and tomorrow’s) missiles. For 
more detailed information write 
tO RED BANK DIVISION OF BENDIX 
AVIATION CORPORATION, EATON- 
TOWN, NEW JERSEY. 


West Coast Sales and Service: 117 E. Providencic 

Ave., Burbank, Calif. Canadian Distributor: Aviation 

Electric, Ltd., P. O. Box 6102, Montreal, P. Q. Export 

Sales and Service: Bendix International Division, 205 
E. 42nd St., New York 17, N. Y. 


adi” 





OPERATION “AIRWATCH” SPARKED BY AC 
HELPS KEEP FREEWAYS FREE! 


Reliable AC Aircraft Spark Plugs 
used exclusively in “‘Airwatch” 'Copter 


Operation “Airwatch”—KABC’s popular radio program in Los 
Angeles and Southern California—expedites freeway traffic by 
advising motorists of driving conditions from a hovering helicopter. 
Ace air-rescue pilot, Max Schumacher, handles the controls of the 
Bell 47H while veteran newsman, Donn Reed, reports freeway 


driving conditions in two-hour stints twice daily. 
Mechanic Edward Ockwatt reports up to one-third more service life flying 


from the AC LA-47 Spark Plugs as compared to other makes. That's 
why ACs are used exclusively in Operation Airwatch. They heat 
up fast to burn away fouling combustion deposits as soon as they 
form ... stay clean longer! AC Aircraft Spark Plugs deliver the 
high-incendivity spark so necessary for peak power and efficiency 


storts 
with 


in aircraft engines. 
For better performance and lower maintenance, install AC Aircraft 
Spark Plugs in your plane, today! Ask your nearby AC Supplier. 


Watch Walt Disney Studios’ ZORRO every week on ABC-TV 
AIRCRAFT 


@- AC SPARK PLUG @% THE ELECTRONICS DIVISION OF GENERAL MOTORS SPARK PLUGS 


DISTRIBUTED BY: Airwork Corporation: Millville, New Jersey ; Miomi Springs, Florida; Newark, New Jersey; Atlanta, Georgia; Alexandria, Virginia; Cleveland, Ohio 


Pacific Airmotive Corporation: Burbank, California; Seattle, Washington; Oakland, California; Kansas City, Kansas; Denver, Colorado; Linden, New Jersey 
Southwest Airmotive Company: Dallas, Texas; Kansos City, Kansas; Denver, Colorado. Stenderd Aero Engine Lid.: Winnipeg. Monitobo; Voncouver, 8.C.; Edmonton, Alberto 
Van Dusen Aircraft Supplies, Inc.: Chicago, Illinois; Minneapolis, Minnesota; Teterboro, New Jersey; Eost Boston, Massachusetts; Alexandria, Virginia; Richmond, Virginia; Miami, Florida 
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TODAY’S GREATEST VALUE 
IN ELECTRONIC COMPUTERS! 
ROYAL PRECISION LGP-30 


Compare it, feature by feature, with the other computers in its class 


Feature 


Computer 
A 


Computer 
B 


Computer 
C 


ae ad 


LGP-30 





Memory Size 


220 words for 
data only 


2160 words 


1000 or 
2000 words 


84 words for 
data only 


4096 words for 
data & program 
(either or both) 


LARGEST CAPACITY 
IN ITS CLASS 





Max. Speed 
Add 
Multiply 


Comparable to 
LGP-30 


Comparable to 
LGP-30 


3/sec. 
1/sec. 


Over 440/sec. 
Over 50/sec. 


SPEED EQUAL TO MANY 
ROOM-SIZED COMPUTERS 





Size 


6.5 sq. ft. 
plus table for 
typewriter. 


45 sq. ft. 


9.2 sq. ft. 


11 sq. ft 


COMPACT, DESK-SIZED, 
COMPLETELY MOBILE 


plus table for 
typewriter & 
control unit. 





Input- 
Output 


Keyboard only — 
tape at extra cost. 


Independent tape 
preparation at 
extra cost. 


Extra cost peri- 
pheral equipment 
required. 


DELIVERED COMPLETE. 
NO ADDITIONAL 
EQUIPMENT NEEDED 
TO PREPARE DATA, 
PROGRAM OR REPORTS 


Tape and 
typewriter for 
numerical input- 
output only. Inde- 
pendent tape 
preparation at 
extra cost. 


equipment. 





No. of tubes 


248 FEWER COMPONENTS 
MEAN LESS 


MAINTENANCE, 
FEWER CHECKOUTS 





Voltage 


PLUGS INTO ANY 
REGULAR WALL OUTLET 





NO SPECIAL WIRING 
OR AIR-CONDITIONING 
REQUIRED 





Ease of pro- 
gramming & 
operation 


Not alpha-numeric. 


No internal pro- 
gram storage. 


Alpha-numeric at 
extra cost. 8 part 
instruction. Re- 
quires computer 
specialist. 


Alpha-numeric at 
extra cost. Re- 
quires computer 
specialist. 


Sem Se 
aga, Seanad ypourtter 
keyboard. Simplest com- 
mand structure of all. 


Not alpha-numeric. 
No internal pro- 
gram storage. 


EASY 
TO PROGRAM 
AND OPERATE. 





Cost 
Sale 
Rental 





$38,000 
$1000/mo. 





$49,500 
$1485/mo. 





$205,900 
$3750/mo. up 


LOWEST COST EVER 
$49,500 FOR A 


$55,000 
ETE 
$1100/mo. GE 


$1150/mo. 








OSE 
COMPUTER 





Nation-wide sales and service. Trained staff 
of applications analysts. Library of sub- 
routines available, plus programs for wide 
variety of applications. 


For further information and specifications 
on Royal Precision LGP-30, call your nearby 


Royal McBee office, or write Royal McBee 
Corporation, Data Processing Division, Port 
Chester, N. Y. 


ROYAL MCBEE 


WORLD'S LARGEST MANUFACTURER OF TYPEWRITERS 
AND MAKERS OF DATA PROCESSING EQUIPMENT 
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McDonnell F-101A Voodoo, winner of Thompson 
Trophy at 1,207.6 mph, is a big-payload fighter- 


bomber capable of extremely long range. 


AUTO-LITE P4947 WIRE 
Gives Top Performance from 400°F. to -80°F. 


Since its first flight more than four years ago, the 
Voodoo has held its place as one of the world’s 
most powerful fighters. Mach number and alti- 
tude requirements of the Voodoo make Auto-Lite 
350 Silicone-rubber-insulated wire ideal for the job. 


Flexible at —70° F., Auto-Lite 350 Wire also has 
high resistance to flame, abrasion, most missile 


« Flexible at temperatures below —80° F. 


o Suetetees + Flame-resistant 


e Resistant to modern aircraft hydraulic fluids; 
lubricants, and fuels 


For complete information on Auto-Lite Aircraft Wire, including specifications and samples, write to... 
The Electric Auto-Lite Company, Wire and Cable Division, Port Huron, Michigan or Hazleton, Pennsylvania 


No discoloration at maximum operating cable 
temperatures 


and aircraft chemicals, and lubricants. Where 
extreme temperature demands or chemicals are 
serious problems, consider Auto-Lite 350 Wire. 


Many missile and aircraft manufacturers are find- 
ing that Auto-Lite 350 Wire reduces over-all pro- 
duction costs, too, compared with other types of 
high temperature wire. 


e Meets Spec. MIL-W-8777, U.S.ALF. 


Free stripping 
e Manufactured in sizes 22 thru 2/0 


hie 
= ; 
. J 


Yiu 7 
ye 


e Easy printing of circuits with conventional 
marking machines 


~ 


"fe =. 
ae 
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GENERAL PURPOSE 
HIGH-TEMPERATURE 
AIRCRAFT WIRE 


AUTO-LITE. 
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Here are samples of 1.G.W. precision 
power gearing with fine tooth forms 
and close limit crowning by the 1.G.W. 
Micrown process. The gears operate 
at unbelievable velocity in missiles and 
superchargers and at astonishing torque 
loads in helicopters. 








missile precision 


is our kind of precision 


@ Exacting tolerances—tight schedules—they’re all 
in a day’s work at I.G.W. Day after day, year after 
year, our experience in the missile and aircraft field 
enables us to put teeth in the word precision—and INDIANA GEAR WORKS, INC. 
papticing iano este, INDIANAPOLIS 7, INDIANA 
) 
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Pattern check for the first stage drive 
gear for the Sikorsky S-58 Helicopter. 
The large gear is concave, cannot be 
ground and must be carburized and 
hardened with sufficient freedom from 
distortion to maintain pattern and toler- 
ances expected only of master gears. 








PRECISION is our product! 


@ Everything at I.G.W. is geared to precision. You'll 
find a “feeling” for precision, not just in inspection and 
production and engineering, but also in maintenance 
and shipping and on throughout the company. It’s the 
basic reason why I.G.W. is the recognized source for 


precision gears. 








. Speaking O 


Missile Ground Support i MOBILITY } 


WE PROVIDE SINGLE RESPONSIBILITY 
FOR ANY SIZE PROJECT 


Whether it is highly complex missile surface handling equipment, 
like the giant FMC-designed Thor transporter-erector and launching 
base—or small, compact mobile missile equipment, FMC provides com- 
plete capabilities with fully integrated facilities for the entire project. 
Coordinated control of each phase of the job from design concept through 
development, engineering and production, enables FMC to meet con- 
tract delivery requirements—on schedule. 

FMC’s extensive experience gained in the field of mobile equipment 
stems from over 17 years in designing and building more types of 
military-standardized tracked vehicles than any other company in 
America. Applied to missile ground support programs, this ability can 
provide the answer to your mobile or fixed equipment requirements, 
with important time and cost-saving economies. 

To assure fully coordinated development and delivery of missile 
ground support equipment, consult with FMC at the initial stage of 


project planning. 
Creative Engineers: Find stimulating 
challenge at FMC’s Ordnance Division. 


“a 


FAS i ce Ft 


THOR transporter-erector, launching 
base and power trailer delivered by 


FMC in just eight months —2 months Pp. 


chead of schedule — receives opera- 
tional check-out. 


| 
| 
| 
| 
| 


ye 


U.S. @IR FORCE PHOTO 


HERE 1S FMC’S PROFILE OF EXPERIENCE: Sg ah * 


feeome 


REDSTONE 
Tracked prime mover 





ha Sa 


HAWK 
Mobile loader vehicle 


! 

l 

! 

Sage a | 
! 

| BOMARC NIKE- NAVAHO ] 
HERCULES Transporter-erector a" 


Erector-launcher and 


Decontamination system Shipping and vertical access tower 


storage containers 


Putting Ideas to Work 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 


Goananae Division 


sc at 





Missile Eq 
avaaanel ® 1108S COLEMAN AVENUE, SAN JOSE, CALIF. 
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Meeting the Challenge of Space 


Exploration of outer space poses one of the 
greatest scientific challenges of the next half cen- 
tury. This challenge is two-fold. First, it will 
challenge U.S. executive and administrative ability, 
an area in which recent falterings have been critical, 
to organize the national technical effort on a scale 
and with the speed needed to surpass all interna- 
tional competition. The second aspect of this chal- 
lenge is the opportunity to pry loose a vast new area 
of vital knowledge about our universe that can be 
used to benefit mankind. The U.S. already is off 
to a late start in this effort. We must face the harsh 
fact that the Soviets’ three Sputniks have shown 
us, plus the rest of the world, ches we face stiff com- 
petition based on a sound scientific foundation plus 
the vital ingredients of national enthusiasm and 
level political support. 

Stakes in the race for successful exploration of 
outer space are high. First is the international 
prestige in exhibiting top ability to make available 
scientific data that co yield vast civil bene fits— 
improved communications, weather forecasting and 
many other as yet unforseen applications of space 
knowledge. Second is the projection of the fierce 
technical competition in weapons developmeni in 
the field of aeronautics a missiles into space 
where the key to mastery of this planet for good 
or evil may lie. 

It is far too early to accurately assess the military value of 

. space. A rational settlement of arguments now raging over 
the possible military value of space operations cannot be 
reached until far more sound scientific data is available to 
replace the vast number of purely theoretical hypotheses 
now being propounded regarding outer space. The most 
urgent need now is the organization of a sound and truly 
national effort to push as hard as possible a methodical ex- 
ploration of space to yield maximum useful data in mini- 
mum time. There is no question that the U.S. has the 
scientific talent plus engineering and industrial ability to 
take the lead in this space exploration effort if given con- 
sistent financial and political support and a sound organiza- 
tional pattern to allow the full scope of the best available 
talent in this field. 


CRITICAL PROBLEMS 


\DEQUATE ORGANIZATION AND TOP LEVEL governmental -— 
port are now more critical problems than the scientific 


aspects of space exploration. It is interesting to note 
that the Soviets have had a formal space exploration or- 
ganization cxisting since 1955, and support for the vig- 
orous Russian space exploration program comes from the 
Soviet Presidium where 60% of the membership of this 
top political group has a technical education of some kind. 
larly appeals for some sort of U.S. national space program 
by technical professional groups such as the American 
Rocket Society were largely ignored until the advent of the 
!nternational Geophysical Year and clear indications of a 
strong Soviet space contribution. This effort finally sparked 
orgamization of the Vanguard satellite project. As a matter 
of record, it must also be noted that the U.S. Army and 
Navy had proposed satellite programs much earlier than the 
Vanguard, utilizing existing hardware. These proposals never 
surmounted the barriers of technical timidity then enclos- 


70 


ing top levels of Department of Defense leadership. 

USAF also has had a space research program operating 
in the Air Research and Development Command since the 
early 1950s. A proposal to organize a major space program, 
using Holloman Air Development Center facilities as a 
nucleus, was submitted by USAF more than three years ago 
and firmly rejected by top-level Pentagon leadership. 

With the technically interesting but organizationally un- 
sound Vanguard decision to attempt to separate science 
from military research behind us, there are now some solid 
encouraging signs on the space horizon. President Eisen- 
hower’s proposal to organize a national space agency 
under primary civilian control but with close militarv 
ties al utilizing existing personnel and facilities of the 
National Advisory Committee for Aeronautics was a firm 
step in the right direction. It is gratifying to see strong 
congressional support for the basic elements of this proposal, 
although there <a been some legislative carpentering nec- 
essary to emerge with the best possible position for this 
new agency. We have strongly supported this proposal 
to establish a truly national space exploration program under 
civilian control and using the thee es of an aeronautical 
research group that already has an international reputation 
for sound scientific achievement, plus the integrity vital in 
working closely and effectively with all other aspects of 
national life that must be included in a truly sound space 
cxploration program. 


CONFIDENCE IN NACA 


WE HAVE FULL CONFIDENCE that the present top leadership 
of NACA in Dr. Hugh Dryden and Dr. James Harold Doo- 
little has the type of dynamic imagination needed to trans- 
form their organization into an effective tool for the new 
tasks facing it in space. We predict they will make a 
strong effort to bolster this leadership with an influx of 
younger and technically bold personnel capable of gen- 
crating the enthusiasm required to spark this effort plus 
the ability to chart a sound scientific course. We also 
predict the leadership of the new space agency will have 
the courage to firmly reject circus-stunt-type projects aimed 
at maximum publicity and minimum scientific value. 

Major keynote of the new national space policy sounded 
by a special House committee headed by Majority Leader 
John McCormack is for freedom of information gained by 
space exploration. This positive policy of widespread dis- 
semination of data gained by exploratory effort is a long 
needed reversal of the dark secrecy policy generated by 
the Atomic Energy Commission that has done so much 
to slow the U.S. rate of technical progress. ‘The policy 
of a maximum flow of scientific space data is vital to main- 
tain maximum progress across the board in this field. The 
committee members deserve commendation for the thought- 
fulness of this approach to the problems of creating a 
national space agency, their earnest efforts to achieve some 
semblance of technical literacy and understanding of the 
basic issues involved plus the speed and decisiveness with 
which they acted. Their performance in this area is hearten- 
ing reassurance that the democratic process can really cope 
with modern technical problems when given positive and 
enlightened leadership. 

The major problem facing a new space agency will be 
the integration of all the now-separate elements of the mili- 
tary and civil research and devdbopinaat spectrum that can 
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usefully contribute to national space exploration programs, 
There is no single military service, no area of civilian spe- 
cialists, that has a monopoly on either ability or enthu- 
siasm in the space field. NACA already is devoting a major 
part of its effort to space and related missile research. At 
the technical level, Army’s Redstone Arsenal group is Ca- 
pable of continuing significant contributions to the space 
program. In view of Army’s increasing dependence on 
industry for development of missile weapon systems, it may 
be a good idea to incorporate Redstone’s technical nucleus, 
who always have been prime space enthusiasts, irito the 
new space agency in some manner where their talents can 
continue to flourish. Navy also has sound contributions 
to offer the space program, particularly in human factors 
and communications. The whole broad spectrum of USAF 
space exploration capability must be utilized, ranging from 
space medicine through geophysics and rocket powerplant 
developments. 


NEED FOR UNIFICATION 


HERE IS A GOOD BEGINNING for true unification of mili- 
tary research and development efforts. This is no need for 
three separate space research programs, each wearing a 
different military uniform and under a different military 
command. If such military requirements develop that make 
a space force necessary, it should be a single unified effort, 
not a carryover of the technically obsolete land, sea and 
air division now confounding efforts to develop a sound 
defense posture for the future. Unification of military 
aspects of the space program, however, does not mean 
elimination of sound competition and varied approaches 
in exploratory research and preliminary development phases. 
This is vital to a sound space research program. Congress 
and the American public should be careful to detect the 


difference between sound competition and a multi-approach 
policy in the research and development stages and the 
necessity for unified application of data obtained to weapons 
procurement and operation. It is absolutely essential that 
U. S. industry, universities and research organizations play 
a vital part in the national space program. 

The new space agency cannot do all the necessary work 


in its own laboratories or with its own personnel. Their 
main function should be leadership, organization and 
guidance, with the bulk of actual research tool development 
and exploratory research utilizing the best available talent 
wherever it can be found. 

What should be the scope and priority of the national 
space research program? This is a vital question vet unan- 
swered in policy developments to date. There is likely 
to be an area of considerable conflict as the program 
develops. There is still a strong element of technical con- 
servatives allied with special interest axe grinders who are 
hopeful of putting the brakes on space research. Their 
reasons range from genuine concern over the relative value 
of space research as compared with other possible develop- 
ment areas to a simple desire to halt the bandwagon until 
they can gracefully climb aboard. 

Congressional debate has indicated that the initial space 
agency programs will cost about a half billion dollars annu- 
ally, climbing soonest to a billion dollar annual level. This 
estimate is as good as any now available but will bear 
modification in the light of initial experience and the pace 
of the data harvest from the early program. We must 
consider as a primary fact in gaging the scope of the space 
research program that we have lost an enormous amount of 
valuable international prestige among our allies, neutrals 
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and enemies by our initial fumblings and by the obvious 
lack of dynamic leadership that has been a hallmark of U.S 
efforts in technical areas for the last 20 years. Our space 
research must be aimed at regaining lost ground and estab- 
lishing a clear cut, continuing future superiority. This can 
be done by a soundly conceived, vigorously executed, con 
sistently supported program rather than by a frantic crash 
program whereby we vainly try to buy irretrievably lost 
time with money. 


WHERE TO BEGIN 


WHuereE DO WE BEGIN? We already have a sound, if not 
spectacular, start with the Vanguard project and Army's 
Explorer program. Already we have harvested data from 
these efforts, filling in with facts areas of prior ignorance or 
speculation. It is obvious that we must build the next 
steps on another sound foundation of ballistic missile 
powerplant and guidance development. Lunar probes now 
being developed by Army and USAF using Jupiter and Thor 
propulsion for the initial stage for launching offer a good 
example of using existing hardware combinations as explora- 
tory research tools. The space research program must be 
a step-by-step, painstaking probe into each unknown area 
to yield data that, when put together, will give us a sound 
basis for development of both civil and military applica 
tions. 

Still using ballistic missile dividends, the next step should 
be experimenting with man-in-space to determine his 
capabilities and limitations. It is utterly futile to debate the 
necessity for a man-in-space program. Until’ we get man 
in space to determine what he can do there, we will have 
absolutely no real idea of future possibilities of space opera 
tions. Beyond these initial explorations already loom morc 
sophisticated programs for putting manned space vehicles 
into orbit and using new forms of propulsion for space 
travel. We can already see in the field of propulsion, nuclear 
rockets and new forms of chemical rockets on the horizon 
that will make possible many space projects that are now 
only hopeful dreams. 


LESSON TO BE LEARNED 


WE WILL EXPERIENCE many failures along the way to space 
exploration. Men will pav with their lives and reputations 
for these failures, but that must not deter us from pressing 
onward toward the goal of ultimate success. As a nation, 
we have worshipped too long at the shrine of material 
success to understand fully the significance of experimental 
scientific failure. But it is a lesson that must be learned 
if space and other scientific exploration programs are to 
proceed without serious public and political harassment 
Thanks to the jolt of the Soviet Sputniks, we are now 
facing the realities of a space exploration program. But 
we cannot hope to be successful in anv area of scientific 
development or in the exploitation of basic new knowledge 
if our efforts are sparked only by external stimulus. We 
must have the imagination to chart our own course and 
the courage to stick to it despite inevitable failures of earl 
experiments and rising costs as the program develops. All 
this will require vigorous, enlightened leadership by the 
national space agency plus sound. sustained public support 
The main problem now is to lay a sound scientific founda 
tion of basic new knowledge on which an active space 


program for the future, both military and civil, can be built. 
—Robert Hotz 
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Research Reveals New Problems in Space 


By James A. Fusca 


As man prepares for the greatest adventure of his short racial history— 
escape from the confines of earth’s gravity—questions as to what the environ- 
ment of space is really like are among the key questions of present-day space 


technology. 

As rockets and balloons explore the 
upper atmosphere and satellites, both 
large and small, maintain a precarious 
equilibrium in cislunar space, some of 
the answers are being found. These 
answers, however, are upsetting our 
conventional theories as to the nature 
of space and raising problems far more 
complex than any that they are solving. 

Perhaps three of the most interesting 
considerations to emerge from the pres- 
ent intensive scientific study of the 
space environment are: 

e Earth-sun relationship. Importance 
of the relationship between earth’s up- 
per atmosphere and the sun is becoming 
increasingly apparent. A new theory de- 
veloped by Dr. Sydney Chapman, who 
headed the committee that organized 
the IGY, holds that the sun possesses 
a tenuous atmosphere that extends 
through interplanetary space beyond the 
distance of the earth’s orbit. This solar 
atmosphere consists mainly of ionized 
hydrogen, protons and electrons, with 
a density at earth’s distance from the 
sun at about 1,000 particles per cubic 
centimeter. 

¢ Magnetohydrodynamic theory. Com- 
se the theories of electromagnetism 
and hydrodynamics, magnetohydrody- 
namics (the study of the interaction 
between magnetic fields and electrically 
conducting fluids and gases) offers what 
may be today’s most exciting area of 
study in all of science—offering possible 
solutions to problems extending from 
controlled nuclear fussion to the origins 
of life. 

e Earth’s magnetic field. For the last 
three hundred and fifty years it has been 
known that the earth is a giant magnet. 
Conventionally the earth’s external 
magnetic field has been considered to 
resemble that of a bar magnet or “di- 
pole.” Cosmic ray studies analyzed at 
New York University suggest that this 
concept is erroneous, and that magneto- 
hydrodynamic effects displace (drag be- 
hind) the lines of force as much as 
45 deg. to the westward as the earth 
rotates. 


Earth-Sun Relationship 


Earth’s atmosphere decreases up- 
wards in density until it merges with 
the very thin solar atmosphere. X-ray 
and ultraviolet radiations from the sun 
ionize (break into positive and negative 
particles) layers of the earth’s atmos- 
phere at altitudes between approxi- 
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mately 60 and 200 mi. Density of ion- 
ization increases during daylight hours 
and decreases at night. 

As the earth rotates the number of 
charged particles at any one point va- 
ries. Under the influence of the earth’s 
magnetic field, very large electric cur- 
rents are generated in these ionized 
layers that flow around the earth at right 
angles to the magnetic lines of force. 

Three of these currents are known to 
exist. One circles the equator and two 
others the north and south magnetic 
poles. Magnetic effects observed during 
the so-called magnetic storms are be- 
lieved to originate in these rivers of 
current. 

The upper atmosphere also is bom- 
barded at all times by particles radiated 
by the sun. During periods of sun 
spot activity, however, this bombard- 
ment increases to the point where much 
greater ionization “doa lace in the 
lower ionization layers of the atmos- 
phere with a consequent large increase 
in absorption of radio signals over a 
wide range of frequencies. 

One type of anomalous propagation 
under study is that of “whistlers”—very 
low frequency radio signals generated by 
lightning strokes that follow the earth’s 
lines of magnetic force from one hemis- 
~ to a similar point in the opposite 

emisphere. Existence of solar whis- 
tlers, generated by electromagnetic 
activity in solar eruptions, has been 
proposed as an explanation of certain 


DISPLACEMENT of the ecarth’s magnetic 
lines of force caused by opposing field set 
up in space as the earth rotates. 


periodic fluctuations in the earth’s mag- 
netic field. 

As the earth-sun relationship is bet- 
ter understood, many of the basic prob- 
lems of space flight and space com- 
munications will be closer to solution. 

The ionized solar atmosphere is an 
electrically conducting medium. This 
means that the rotation of the sun and 
planetary bodies such as the earth set 
up electric currents in space that de- 
velop magnetic fields of their own. 
These fields interact in turn, develop- 
ing an order of complexity that has 
been described as attempting to deal 
mathematically with six dimensional 
vector space. 

Stanford physicists have stated that 
devices for generating electromagnetic 
energy have dented electrons almost 
exclusively. They say that this appears 
to be an artificial restriction upon the 
potential of electronic devices. They 
indicate that the use of fully ionized 
plasmas and ionic energy as a means of 
improving the noise level and efficiency 
of microwave systems seems very prom- 


ising. 

nderstanding of the behavior of 
electromagnetic energy in ionized gases 
will be one of the first requirements for 
communications through interplanetary 
distances. Development of new tech- 
niques for generation of extremely high 
power signals and very low noise level 
receivers will be the second requirement. 


Earth’s Magnetic Field 


Earth’s external magnetic field has 
conventionally been considered to re 
semble that of a bar magnet located 
about 200 mi. from the center of the 
earth and tilted by 11.4 deg. from its 
axis. 

New York University’s Dr. Arthur 
Beiser has developed a different model 
of the external field, however, based on 
analysis of cosmic ray data gathered as 
part of the U. S. IGY program. 

Based upon the fact that rotation of 
the earth’s lines of magnetic force 
through the conducting medium of the 
solar atmosphere induces current in it 
in the same manner as in a dynamo, the 
induced currents out to a distance of 10 
earth radii develop a magnetic field of 
their own, creating a magnetic drag that 
is believed to be the primary force that 
is slowing the rotation of the earth at a 
rate of 6.0016 seconds per century. 

This drag displaces the earth’s lines 
of magnetic force in a westward direc- 
tion up to 45 deg. at the equator. Not 
only would such a displacement explain 
the distribution of cosmic rays but also 
anomalies as to the radiation point of 
auroral coronas and other auroral phe- 
nomena. . 


AVIATION WEEK, June 16, 1958 














TEST MODEL glows at 2,000F and 2,000 psi. in pebble bed heater at NACA’s Ames Aeronautical Laboratory. 


Space Agencies 


AVIATION WEEK, June 16, 1958 





KNOBS 


In stock for immediate delivery 


All knobs illustrated actua/ size 


We serve the fellowing Major Aircraft Companies 


Boeing Airplane Co. 
Canadair Ltd. 

Cessna Aircraft Co. 
Chance Vought Aircraft 
Convair 

Douglas Aircraft Co. 


Fairchild Engine & Airplane Corp. 


Hughes Aircraft Co. 
Lockheed Aircraft Corp. 
Martin Co. 

Northrop Aircraft, Inc. 
Republic Aviation Corp. 
United Aircraft Corp. 
United States Air Force 
United States Navy 


LOS ANGELES MOLDED PRODUCTS COMPANY 


World's. Largest Manufacturer of NAS Knobs 
11129 Chandier Boulevard « North Hollywood, California 


Circle Number 88 on Reader-Service Card 





t 


i 


@ SPACE AGENCIES 


SPACE programs proposed by NACA include launching of lightweight inflatable spheres that will be visible to the naked eye. 


NACA Shifting to Space Agency Role 


By Robert Hotz 
Creation of a National Aeronautics and Space Agency to spearhead a 
national program of space exploration and research should emerge from the 
congressional crucible before the end of the current session. This represents 
a belated decision on the part of the United States government to formally 


organize a permanent national space effort. 


It comes just three years after 


the Soviet Union created an organization of scientists with similar goals. 


Congressional hearings on the basic 
proposal submitted last April by Presi- 
dent Eisenhower have shown general 
agreement with the idea of using the 
present National Advisory Committee 
for Aeronautics as the nucleus of the 
new space agency. However, there has 
also been unanimous agreement by the 
House Select Committee on Astronau- 
tics and Space Exploration that a much 
stronger set of legislation is needed to 
properly establish the new agency on 
an operationally efficient basis than was 
submitted with the President’s message. 

Utilizing the 8,000 scientists and 
four great research installations of the 
National Advisory Committee for Aero 
nautics along with its more than 30 
years of dealing with both military and 
civil agencies on aviation problems 
should save at least five years’ time and 
untold millions of dollars over any at- 
tempt to create a new space exploration 
agency from scratch. 
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There are, however, several funda- 
mental changes that will be required 
in the traditional role of NACA as it 
steps into the full responsibility for the 
space program. These include: 
© Reversal of the role of director and 
the 17-man advisory committee. The 
committee, which now appoints the 
director, will become advisory to him 
rhe director will be appointed by the 
President with Senate confirmation 
and will have full executive direction 
of the agency. 

e Extension of contract work with uni 
versities, research foundations and in 
dustrial groups for basic research and 
development in the variety of fields 
included in the broad spectrum of space 
technology. 

e Expansion of some present NACA 
facilities to increase the scope of their 
current work in space technology. The 
research missile fring facility at Wal- 


lops Island, Va., and the Lewis Flight 
Propulsion Laboratory at Cleveland, 
Ohio, probably will bear the brunt of 
the initial expansion. Because of the 
close proximity of Wallops Island to 
Langley Aeronautical Laboratory, it is 
likely that Langley will become morc 
space-oriented to complement the work 
at Wallops Island. 

e Formalization and strengthening of 
the current NACA liaison work with 
the Department of Defense and the 
Atomic Energy Commission. Although 
NACA has been working actively with 
both agencies on a wide variety of re- 
search areas and development projects 
it is likely that special liaison groups 
will be created by legislation to for- 
malize this type of work. 

e Basic change in Congressional rela- 
tions. As part of the mixed independ- 
ent offices appropriations bag, NACA 
has received minor attention and some- 
what less than complete understanding 
from this sub-committee of the appro- 
riations committees. This annual 
budget exercise has been the agency's 
only point of contact with Congress. 
Now Select Committees on Astronau 
tics and Space Exploration are func- 
tioning in both House and Senate 
Legislation has been proposed that 
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would establish a permanent joint com- 
mittee along the lines of the committee 
handling Atomic Energy Commission 
affairs in Congress, but the two Houses 
may end up with separate permanent 
committees. 

In tackling its new dual role in aero- 


nautics and space technology the Na- 
tional Aeronautics and ‘Space Agency 
is getting some clear mandates from 


Congress on how it wants the job 
tackled. These include: 

e Positive civilian control of the na- 
tional space research program. Con- 
gress is emphatic that both in its initial 
exploratory research phase and in ulti- 
mate development of useful space vehi- 
cles the civilian interests of the coun- 
try get full consideration. 

e Freedom of scientific information 
gathered in the course of the NASA 
program. This is a sharp reversal of 
the 1946 attitude of Congress in estab- 
lishing a national atomic energy pro- 
gram when the strictest peacetime se 
crecy in the history of this country was 
written into the Atomic Energy Act. In 
that case the U.S. was ahead in the 
field. Congress has stated that in astro- 
nautics, U.S. is clearly behind. 

e Sustained effort over a long haul 
rather than initiation of “crash pro- 
grams” in an attempt to re-establish 
our international prestige in space tech- 
nology. Congress has indicated that it 
envisages a $500 million annual pro- 
gram for the next several years aimed 
at eventually reaching $1 billion annu- 
ally and over-taking the Soviets in this 
field and maintaining superiority in 
space technology. These figures repre 
sent only the NASA effort and do not 
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include Defense Department programs. 

NACA was picked as the nucleus for 
the new space agency primarily because 
of its long record of successful research 
and development in the related areas of 
aeronautics and its existing manpower 
and facilities, of which about 50% 
are already devoted to space tech- 
nology. This will be the third time in 
its +3-year history that it has faced a 
fundamental change in the character of 
its operations forced by the technical 
trends of the times. 

Although NASA will not be able to 
function officially until a bill is signed 
by the President, the present leader- 
ship of NACA has been working for 
some time on how to tackle the basic 
problems involved in transition to the 
new areas of activity. 

One of the principal problems is get- 
ting and keeping scientific personnel of 
the required caliber in the new areas of 
NASA activity. It is certain that a dep- 
uty director will be added to the agency 
at a $21,500 salary. Provision has been 
made for 10 new top level posts at 
$21,000 annually and 250 new jobs at 
$19,000 annually. The director of 
NASA will be paid $22,500 

Under the director and his deputy, 
there probably will be two assistant di- 
rectors—one for aeronautics, responsible 
for carrying out the presently planned 
NACA program in this area, and the 
other for astronautics, with responsibil- 
ity for expanding present NACA space 
technology programs and organization. 

NASA plans to rely heavily on con- 
tract operations to expand its capa- 
bilities in required new fields rather 
than to attempt major expansion of its 


own facilities and staff. But it does 
face the problem of developing top- 
level staff in these new fields capable 
of directing the contract operations and 
organizing adequate programs. It also 
will have to develop a procurement ca- 
pability far in excess of its present ca- 
pacity, which is confined primarily to 
research facility construction and uni- 
versity contracts of relatively low dollar 
value in the basic research area. 

Wallops Island probably will get the 
largest immediate facilities expansion 
program. NACA has been operating a 
series of rocket research vehicle test pro- 
grams on this Virginia barrier beach for 
more than a decade but it is a very small 
facility in comparison to the new de- 
mands that will be made on NASA. It 
will be expanded to handle operation, 
instrumentation and data gathering ac- 
tivities on space probes up to the size 
of the Atlas and Titan. NASA plans 
to use existing USAF facilities at Cape 
Canaveral, Fla. and the Pacific Missile 
Range facilities now under construction 
at Pt. Mugu and Camp Cooke, Calif. 
With a growing requirement for a satel- 
lite launching base close to the equator, 
it is likely that NASA will get the job of 
establishing and operating this facility, 
since its primary mission would be for 
research vehicles rather than military 
weapons. 

Lewis Flight Propulsion Laboratory 
now is doing the bulk of its work on 
types of propulsion aimed at space ap- 
plications and will require little change 
to become an integral part of the space 
technology program. Because of the 
proximity to the Wallops Island shoot- 
ing site, NASA probably will build the 
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bulk of any new space research facilities 
at Langley, Va., where it already has a 
large areonautics research facility. NASA 
has no plans to build new facilities to 
extend its capability into the avionics 
field, where there is now a major re- 
quirement for its space research mission. 
It plans to use a contract operation to 
develop this capability similar to the 
Air Force use of the Lincoln Labora- 
tory at Massachusetts Institute of Tech- 
nology. 

The NASA effort to organize a truly 
national space program with an acceler- 
ation aimed at surpassing the Soviet 
effort in five to ten years will involve 
use of all of the scattered and unco- 
ordinated space technology facilities 
now existent in universities, research 
foundations, industry and military serv- 
ices. Currently its main problems will 
center around the Advanced Research 
Projects Agency, created in the post- 
Sputnik era last fall in an effort to get 
the Defense Department research pro- 
gram out of its technically timid atmos- 
phere and co-ordinate the scattered 
efforts of the services on major new re- 
search programs. 


Cooperation With ARPA 


NACA and ARPA are working closely 
during the transition period before the 
final structure and scope of NASA is 
legally determined by Congress. As a 
matter of expendiency, ARPA was given 
all of the Defense Department space 
technology programs to get them under 


way while debate over national space 
policy details was still raging. ARPA’s 
present charter allows for its existence 
until next February when presumably 
some more permanent organization of 
the civil and military advanced research 
programs will be possible. 


Among the other organizations 
NASA will be working with are the 
Army’s organizations at Redstone Ar- 
senal, which may well change its basic 
character and become a space technol- 
ogy research facility under NASA’s 
aegis; the Air Force Research and De- 
velopment Command which has had a 
broad space technology program under 
way for several vears; and the Office of 
Naval Research, which also has been 
active in the space field, particularly in 
bio-sciences, communications, upper air 
research and the Vanguard satellite pro- 
gram. 

NACA has been working formally on 
space technology problems since 1952 
when it officially initiated studies “of 
the problems associated with unmanned 
and manned flights at altitudes from 50 
miles up and at speeds from Mach 10 
to the velocity of escape from the earth’s 
gravity.”” Late in 1957 it added a space 
technology committee to its working 
groups, encompassing the top men then 
actively working in the space field. 

The first project that is likely to 
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come to fruition under the new NASA 
is a project begun six years ago under 
the directive quoted directly. It is the 
X-15 rocket powered research aircraft 
that is scheduled to take the first man 
on brief but scientifically significant 
trips through space next year. The X-15 
program, like the supersonic research 
aircraft program that preceded it, is 
typical of the way NACA works with 
the military, science and industry on 
joint, technically co-ordinated research 
programs to probe the unknown areas 
of its fields. The X-15 was jointly 
financed by USAF, Navy and NACA 
with the contract to build the vehicle 
utilizing an experienced contractor— 
North American Aviation, Inc. 

This X-15 research vehicle will be 
flown by company, military and NACA 
pilots in a carefully meshed program to 
extend the range of piloted vehicles 
beyond the bulk of the earth's atmos- 
phere with an aircraft that still can per 
form usefully within the atmospheric 
envelope. 

The next project on the space re- 
search list is a series of lunar exploratory 
probes aimed at providing data on the 
earth’s moon and its surrounding ter- 
ritory. These lunar probe projects were 
initiated by ARPA at the direction of 
the President with the stipulation that 
they would be transferred whenever 
fcasible to the new national space 
agency. ARPA now is managing this 
program through USAF’s Ballistic Mis 
sile Division for the portion utilizing 
Douglas Thor missiles as the basic 
booster, and through the Army’s Bal- 
listic Missile Agency at Huntsville, Ala., 
for that portion using the Jupiter mis- 
sile as its initial stage. 
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Behind the lunar probe program, 
also scheduled for initial operation next 
vear, comes the man-in-space program, 
aimed at initial exploration of man’s 
capability for functioning in various 
types of artificial environments and 
vehicles that can take him into space 
and bring him safely back to earth. 
USAF is carrying the main emphasis 
on this program at the moment but it 
is extremely likely that NASA will take 
over direction of this effort when it 
emerges from its organizational cocoon. 

Coming along perhaps simultaneous); 
with the man-in-space program will be 
the advanced satellites capable of per- 
forming tasks more technically mye 
cated than the initial series of data 
gathering satellites sent aloft by the 
United States and the Soviet Union. 
These will include reconnaissance, com- 
munications relay and astronomical ob- 
servations. 

Even before the legislation creating 
NASA was drafted NACA had pro 
grammed its efforts so that by next year 
ipproximately half of its total resources 
would have been devoted to research in 
space technology including _ ballistic 
missiles, hypersonic glide vehicles, new 
methods of propulsion and new ma 
terials. Here is an indication of the 
areas mapped for exploration in space 
technology and some of the main prob- 
lems within these areas and some of the 
new type of research facilities that have 
to be developed with them 

Che main problems in areodynamics 
and space mechanics are 
e More fundamental understanding of 
airflow characteristics and high tempera 
ture conditions occurring at hypersonic 
speeds encountered during re-entry 


SIMULATOR tests reaction to vertical, pitching accelerations at hypersonic speeds. 
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QUARTZ tube radiators simulate aerodynamic heating conditions on missile nose cone. 


into the carth’s atmosphere, including 
physical and chemical changes in the 
air and the effects of these changes on 
the flow 

e Basic new data on heat transfer and 
forces applied to ballistic missiles, 
l:vpersonic and space vehicles. 

e Information on stability, control and 


guidance requirements and methods of 
meeting these requirements for flight 


inside and outside the earth’s atmos- 
phere 

e Evolution of missile and space vehicle 
configurations of various kinds com- 
patible with propulsion and structural 
iequirements and capable of performing 
useful military or scientific missions un- 
cer all of the conditions on environ- 
ment and speed imposed by the re- 
quired flight plans. 

Virtually all types of NACA’s exist- 
ing research facilities are capable of 
being applicd to various segments of 
these problems. For example, even the 
subsonic and transonic wind tunnels, in 
addition to supersonic tunnels, are used 
on such problems as dynamic stability 
of missiles and space vehicles, fuzing of 
inissile warheads during re-entry into 
the. atmosphere; the magnitude of 
hinge moments on gimbaled rockets 
used for control during powered flight, 
and landing characteristics of hyper- 
conic aircraft. 

NACA now has wind tunnel facili- 
ties providing test conditions up to 
Mach 20 (using helium) and tempera- 
tures in the test section up to 4,000F. 

To get beyond the inherent limits of 
wind tunnels due to material limita- 
tions, NACA is developing other types 
of high-temperature apparatus to study 
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the physical and chemical changes in 
the air at hypersonic speeds. Small air 
jets from electric arcs are prov iding tem- 
peratures up to 15,000F but further 
technique development is required. The 
hypersonic ballistic range already has 
been developed to achieve simulated 
conditions at Mach 15 and a small 
atmospheric re-entry simulator is being 
used in which the model of a missile 
nose cone or space vehicle configuration 
is Shot upstream into the special nozzle 
of a supersonic wind tunnel. 

A larger re-entry simulator now under 
construction will provide conditions 
similar to those experienced by large, 
iong range ballistic missiles, satellites 
and space vehicles. 

Research missile work at Wallops 
(sland with five stage rockets has re- 
sulted in test data up to Mach 16 by 
hring the last several rocket stages of 
the test vehicle downward. Work is 
under way to increase the speed of 
these simple, multi-stage research 
rockets to satellite and escape vehicle 
velocity in the near future. 

Propulsion requirements for 
vehicles are designed to 
e Provide sufficient velocity to over- 
come the earth’s gravitational force. 
lo do this thrust must exceed gross 
weight by a sufficient amount so that 
the energy consumed in overcom- 
ing gravitational force is not an exces- 
sive fraction of the total energy avail- 
able. At the same time the thrust- 
weight ratio cannot be so high that final 
accelerations exceed allowable limits of 
the vehicle and its equipment. 
¢ Provide sufficient velocity control 
both in magnitude and direction to 
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permit a planned flight path in space. 
lor this requirement both types of con- 
trol must be available during the entire 
space mission, which may be measured 
in days or months. This is where ion 
propulsion with its relatively low thrust 
but extremely low rate of fuel consump- 
tion appears attractive. 

e Provide auxiliary power required to 
operate auxiliary equipment, subsystems 
or other types of accessories. For this 
purpose the weight per unit of power 
must be extremely low and external fuel 
sources are attractive. 

NACA research to meet problems in 
these areas involves new energy sources, 
either chemical, solar, or nuclear; vari- 
ous types of working fluids, combustion 
products, lightweight gases, ions, plasma 
and photons; possible heat transfer 
fiuids, either gaseous or liquid; mechan- 
ical devices to convert energy into thrust 
or power such as nuclear or chemical 
rockets, ion, plasma and photon jets; 
methods of controlling the powerplant; 
and the materials for powerplant con- 
struction and how they operate in the 
variety of environments to which they 
ire exposed. 

Most of NACA’s research on struc- 
tures and materials for missiles and 
space vehicles must be based on con- 
sideration of the load and stress condi- 
tions imposed through the wide variety 
of flight experience and utmost mini- 
mizing of weight in any given vehicle. 
Some of the goals of current NACA 
research in these fields are: 

e Establishment of the interactions of 
heat, aerodynamic force, structural elas- 
ticity and inertia to avoid destructive 
vibration phenomena. 

e Evaluation of structural configura- 
tions for various temperature ranges and 
composite arrangements that incor- 
porate cooling, insulation, heat shields. 
¢ Determination of properties and be- 
havior of structures at high tempera- 
tures and transient heating. 

e Evaluation of the heat resistant capa- 
bilities of materials and their applica- 
bility to space structures and missiles. 

e Development of new materials with 
improved high temperature properties 
such as those required for atmospheric 
re-entry at hypersonic speed. 

Among the new research tools being 
developed in this area are: thermal 
structures tunnel that permits study of 
larger structural specimens at tempera- 
tures from 700F to 4,000F and at hy- 
personic speeds; hot air jet employing 
ceramic heat exchanges that operate up 
to 4+,000F are used on ballistic missile 
nose cone work. One of these jets 
soon will have a 5,000F hypersonic air 
stream 12 in. in dia. Other hot jets 
use rocket fuels to produce tempera- 
tures from 3,500 to 8,000F for studies 
of melting nose cones and ablation of 
various materials. s 
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ARPA Shapes Military Space Research 


Never in its uncertain history has U.S. military research and develop- 
ment experienced the budgetary upheavals and reversals of policy that have 


occurred in the past year. 

Now, as the pendulum swings from 
last year’s curtailment of effort to an 
increasing emphasis on all types of re- 
search and development, the unique 
new Advanced Research Projects Agency 
has been given a major responsibility 
for shaping policies and overseeing pro- 
grams in space technology and other 
“upstream” areas 

In less than three months of opera- 
tion, the three top men in ARPA—Di- 
rector Roy W. Johnson, Chief Scientist 
Herbert York, and the deputy director, 
Rear Adm. John E. Clark—have taken 
their powerful mandate and apparently 
have created a workable situation by 
selling the Congress and the military on 
their philosophies and intentions. 


Refreshing Approach 

Most refreshing guideline laid down 
by ARPA so far is Dr. York’s statement 
that “science cannot be tied to a spe 
cific objective, and if we are to have a 
military science to compete with what I 
believe is the defined Russian military 
science, we must be free to go down 
avenues of exploration without having 
a military weapon system objective pre- 
determined.” 

ARPA’s mission as prescribed by law 
is to cut across the traditional lines of 
the military services and fund and man- 
age advanced research and development 
in the fields of intercontinental missile 
defense, military reconnaissance satel- 
lites, military applications of space .tech- 
nology and other advanced research and 
development that may be assigned. 

lhe agency has the authority to make 
extensive use of the facilities of the 
military departments either by going 
through or around the service secre- 
taries, to use other government labo- 
ratories and private industrial and uni- 
versity research groups and to establish 
its own facilities if necessary. 

This broad authority gave rise to 
numerous fears in the Congress, the 
services and industry. These ran from 
concern that ARPA would be just an- 
other office to review and slow down 
research and development, to the darker 
prediction that the agency would try to 
centralize military research under one 
massive office and eventually try to 
control the thinking of all of the serv- 
ice laboratories. 

However, ARPA’s actual policy as 
outlined te the Congress has done much 
to allay these fears and has provoked 
favorable comment from many sources. 

The major points of ARPA’s policies 
and objectives were explained to the 
House Subcommittee on Defense Ap- 


propriations by Roy Johnson as follows: 
ARPA is “in business to provide 
expedited and forward-looking 
research programs which in the past 
have been retarded by the necessity 
for a formal military requirement. The 
fact must be recognized and squarely 
faced that if an end requirement, be it 
military or any other, must be estab- 
lished before we embark on research, 
then by definition it is no longer 
research. 

“It is our purpose to accelerate the 
national technological status by spon- 
soring research without having to prove 
an ultimate specific application before 
we embark . . .””- Johnson said. 

“This (is) not going to be an em- 
pire. For example » oad were two 
laboratories that were recommended 


for assignment to ARPA. They seemed 
to be quite obvious because they con 
cerned themselves so much with outer 
space. We visited those laboratories 
We found that they weren't labora 
tories in the sense that I had defined a 
laboratory and in the first three weeks 
we definitely came to the conclusion 
that this advice wrong and that 
ARPA would not establish its own 
laboratories. 

“We saw quickly,” Johnson 
“that there was competence in the 
services, very high competence in their 
laboratories. We also quickly became 
familiar with the private laboratories 
and the laboratories that are a hundred 
percent supported by military funds 
... We felt that we could, by playing 
the field and going to a specific labor 
atory that had a specific capability, 
have flexibility. 


was 


said 


“The thing that I am concerned 


CRAB nebula in constellation of Taurus, photographed in red light by 200-in. telescope. 
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about in any laboratory that we could 
manage is that, as the character of the 
work changed, we would be forced to 
make work of a kind that might not be 
most productive.” 


Services ‘Enthusiastic’ 


Johnson said the “services so far have 
have enthusiastically supported — this 
concept. 

“I think that they were concerned 
in the beginning that we were going to 
‘finger’ certain laboratories and say to 
the Secretary of Defense, ‘We want 
those transferred to ARPA.’ 

“I think they are no longer suspicious 
of ARPA’s role in this connection. 
There are those in the services who have 
told me recently that they think ARPA 
has a real role to perform as a catalvst, 
and synthesizer as well, but actually 
more important to prevent duplication 
and waste. 

“There is duplication that is waste- 
ful. I think that many times we ought 
to follow parallel courses toward an 
objective, but I think that duplication 
would be completely wrong.” 

Johnson believes that “ARPA can 
cffectively carry out its responsibilities 
with a small staff of about twenty 
assistants, together with the necessarv 
clerical and stenographic support. In 
addition . . . the Institute of Defense 
Analysis . . . (would) provide scientific 
and technical assistance with about 25 
scientists.”” 

IDA will serve as a contract agenev 
for various skilled personnel to assist 
Dr. York. 

These men probably will stay with 
ARPA from 12 to 18 months and their 
retainment through IDA will make it 
possible to pay them salaries that are 
more in line with pay in industry than 
most government salaries would be. 


Congressmen Impressed 


Johnson’s testimony and that of the 
other ARPA leaders drew considerable 
praise from House Defense Appropria- 
tions Subcommittee members. They 
voiced the conviction that as presently 
conceived, ARPA would maintain and 
make use of the broad base of independ- 
ent investigation taking place in U.S. 
laboratories, and would expedite the 
incorporation of new ideas into weapon 
systems policy. 

Johnson and York’s assurances that 
they intend to operate with a small 
staff, avoid directing programs solely 
toward specified military requirements, 
and seek competence wherever it can 
be found, rather than creating some 
new facility, etc., were welcome news 
to many critics of past research and de- 
velopment policies. 

But ARPA still does not have a com- 
pletely free rein. By law, all its actions 
require prior approval from the White 
House. 
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While testimony before the appro- 
priations subcommittee was very de- 
tailed concerning ARPA’s relationship 
with the services and with other offices 
directly under the Secretary of Defense, 
it did not include the degree of agree- 
ment that ARPA had reached with the 
President's Scientific Advisory Commit- 
tee under Dr. Killian or the fiscal au- 
thorities in the Office of the President. 

ARPA will, of course, be required to 
follow the established pattern of justi- 
fving its present and projected expendi- 
tures each vear to the White House, the 
Budget Bureau and the Congress. 


Relations With NASA 


Three existing and proposed govern- 
mental groups have functions closel\ 
related to ARPA’s—the proposed Na- 
tional Aeronautics and Space Agency, 
Congress, the Assistant Secretary of 
Defense for Research and Engineering 
and the Director of Guided Missiles in 
the Department of Defense. 

The gray areas existing between these 
groups and ARPA and the present agree- 
ments that have been made to avoid 
overlapping action were explained to 
the House committee by Johnson. 

ARPA is planning to turn over the 
Air Force and Army moon probes, the 
Naval Ordnance Test Station’s mechan- 
ical scanner for moon probes, and the 
remaining Army Explorer satellite shots 
to the National Aeronautics and Space 


Agency eventually. Seventy-two million 


dollars has been asked to fund this 
program. ARPA will administer it until 
the new civilian space agency is well 
underway. 

Johnson said discussions still are 
going on between his office and the 
National Advisory Committee for 
Aeronautics to determine whether the 
man-in-space program and the develop- 
ment of 1- to 2-million pound thrust 
chemical rocket engines should be han- 
dled by civil or military agencies. Final 
disposition of any items of disagreement 
would be made by the White House. 


Foote, Holaday Relationships 


Assistant Secretary of Defense for Re- 
search and Engineering Paul Foote and 
Director of Guided Missiles William 
Holadav are both staff advisers to the 
Secretary of Defense, Neil McElroy, 
while ARPA is a line agency of the de- 
partment directed to carry out advanced 
research. Foote advises McElroy on all 
military research, development and engi- 
neering. 

Foote’s office and ARPA are to keep 
each other informed of their activities, 
and Foote can utilize the ARPA staff 
for technical and idministrative reviews 
to the extent necessary. 

The same relationship exists between 
ARPA and Holaday. Each is instructed 
to keep the other informed as to break- 
throughs and advances. 


Holaday also must furnish vehi- 
cles for ARPA’s space exploration proj- 
cos, ~" 

ARPA’s has requested $520 million 
for Fiscal 1959 and the specific point 
was made that this might not prove 
adequate if any program moves faster 
than anticipated. 

Largest request is $157.4 million for 
ICBM defense. About $57 million has 
been committed for use by the Army 
in the Nike Zeus missile system. The 
remainder would be spent on cxperi- 
mental programs that might improve 
the Nike Zeus or the Air Force long 
range radar. 

Johnson also testified that McElroy 
originally wanted ARPA to handle the 
whole anti-missile program. But John- 
son said he felt this would put ARPA 
in the hardware business since Army 
already had the Nike Zeus past the re- 
search point. 

Therefore, about $175 milion of the 
anti-missile funding was placed under 
the Army's appropriations request to 
cover expenditures that clearly were not 
for research. 


Fund Request 


Air Force’s fund request for its re- 
sponsibility of providing long range 
early warning radar for the anti-missile 
program was $329 million. Total of the 
ARPA, Air Force and Army requests 
was over half a billion dollars for 
ICBM defense. Johnson also indicated 
that the feeling in the Department of 
Defense was that probably about $6 bil- 
lion would be required to provide point 
defenses against long range ballistic 
missiles for the largest cities. More 
definite estimates could not be made, 
he said, until the results from this vear’s 
test programs are available. 

York, discussing re-entry, said the 
re-entry problem had been greatly 
exaggerated. He said it has turned out 
that a dozen or so different design ap- 
proaches could be used, and that 20 
or 30 different materials would be ade- 
quate. 

Next largest item on the ARPA pro- 
gram is $152 million for a military re- 
connaissance satellite. This refers to the 
WS-117L Pied Piper that Air Force 
has had under development for some 
time. 

York said they would have a 
gross weight of 1 to 14 tons and would 
be launched by an Atlas booster. A 
number of reconnaissance systems are 
being planned. The systems would 
operate for a month to several months 
depending on the percentage of the 
pavload that could be devoted to bat- 
teries. 

Orbiting altitude would depend on 
the useful life of the system. The 
shorter the time the reconnaissance ap- 
paratus would operate, the closer to the 
earth the orbit would be and the ap- 
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paratus could provide more detailed 
information. 

Discussing the man-in-space projects 
still under study, York said: “The 
reason you have to send men there is 
because I do not believe it is possible 
to invent a piece of automatic machin 
ery that can explore some place in the 
same sense that man can, and putting a 
man in orbit is just the first step.” York 
teels that the man-in-space project fits 
into ARPA’s responsibility very well. 

There is no well-defined require 
ment for a man in space today 
and the reason that we cannot see these 
requirements, or spell them out in de- 
tail, I think is not because they do not 
exist, but just because we are not smart 


enough . . . to see what they are. So 
we are proposing and urging a man in 
space program on the grounds that we 
think it is reasonable to believe that 
there will be a military requirement 
sometime for a man in space.” 

ARPA also asked for about $15 mil 
lion to be tentatively scheduled for the 
development of a very large liquid 
chemical rocket engine in about the 
one-to-two million pound thrust class 
Five million dollars was also requested 
for research on smaller, high per 
formance engines which would becom« 
second stage engines to top the million 
pound powerplants. 

ARPA officials who testified before 


the House subcommittee received un- 
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usually strong praise from the commit 
tee members. Dr. York was singled out 
time and again for the clarity of his 
technical explanations 

Rep. Dan Flood (D.-Pa.) also warned 
the ARPA group about the “probable’ 
result of the favorable reception they 
got from the committee: “Some of th« 
tellows downtown who haven't been so 
well received up here will latch on to 
this and the word will be around that 
‘lohnson and York and these fellows are 
home free. We had better move in on 
that. We can hide behind this.” The 
will. 1 know them. The place is craw! 
ing with crows down there, bureaucrats 
and military. If they think vou are the 
white-haired boy, look out.” ¢ 


EARTH’S natural satellite as it appears at the age of 14 days through 100-in. telescope at Mt. Wilson-Palomar observatories. 
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USAF Space Effort Based on Research 


The basis of the Air Force’s strong position in the rapidly developing 
technology of space and the key to its strength in the future is its broad, 
varied program of research and development. 


Less than a year ago, all the serv- 
ices were de-emphasizing the import- 
ance of research for space because it 
was an unpopular subject in the Penta- 
gon. Because of expenditure limits, 
USAF was in the midst of doing what 
its Assistant Secretary for Research and 
Development Richard E. Horner 
called “‘rather drastic things to our pro- 
gram canceling large numbers of 
projects that were pending, reforming 
parts of the system and canceling 
other systems.” 

Since last Oct. 4 there has been a 
reversal in policies—political, strategic 
and fiscal—with regard to space tech- 
nology. Although many have criticized 
the lack of speed and some have called 
for even greater reforms, an integrated 
national space program finally is being 
formulated. 

Air Force and its partners in research 
and development—science and industry 
~—are playing a major role. 


of RR 8 


THOR will provide 
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But the latest changes in attitude 
and the integration of space efforts do 
not account for USAF’s vitally impor- 
tant part so much as its previous vears 
of research and development do. 

The top-priority ballistic missile pro 
gram is the outstanding case of how 
past and current work are providing 
vehicles for tomorrow's thorough ex- 
ploration of space. 

ICBMs topped by other stages and 
in some cases boosted themselves by 
far more powerful engines, can take 
man as far as Mars until more efficient 
fission, fusion or ion engines have re- 
placed them. 

The X-15, a product of a 13-vear 
USAF-Navy-National Advisory Com- 
mittee for Aeronautics research aircraft 
program, will be the transition vehicle 
that precedes the manned orbiting cap- 
sule and the manned, globe-circling 
reconnaissance-bomber. 


initial booster for lunar probes, other space exploration vehicles. 


Although Soviet Russia’s political 
technical lead in astronautics will not 
be overcome for some time, the con- 
stant and rapid evolution that has been 
the most striking part of USAF’s 
growth will contribute greatly to its 
efforts in this field. 

Lt. Gen. John K. Gerhart, USAF’s 
Deputy Chief of Staff for Plans and 
Programs, recently told a House Ap 
propriations subcommittee: 

“The Air Force . . . is not static 
It is not immutable . We are well 
aware of the need to venture, even to 
build out into the unknown. There are 
many examples of what receptivity to 
change has won for us. 

“Our missile progress is one such 
example. And yet, it may be that this 
progress will ultimately realize its 
greatest value as a transition to the 
control of space. 

“The Air Force’s problem has been 
historically one of getting a platform 
above the ground and moving it from 
one place to another until it reached 
a destination where it could accom- 
plish a military job... 

“When we talk about space we are 
talking about projecting further these 
same essential functions of reconnais- 
sance, offense and defense.” 

Earlier this year, Lt. Gen. Donald L. 


Putt, outgoing Deputy Chief of Staff 
for Development, told Congress what 
Air Force had done, what Russia was 
doing and what the U.S. must do now 
to win “the long grim, difficult strug- 
gle” for control of space. 


Most of the new programs or ac- 
celerations of existing programs recom- 
mended by Putt have been put into 
effect since and others will be. 


ARPA-USAF Relations 


The appearance of the Advanced Re- 
search Projects Agency on the scene 
and the creation of a civilian national 
space agency have modified Air Force’s 
role in some of its own projects, but 
its background in these areas, the tech- 
nical competence of the USAF-science- 
industry team and the fact that USAF 
had vitally important space work al- 
ready underway have assured it a major 
part of the national space program. 

Coupled with top-level coordina- 
tion and what appears to be a new 
determination in ARPA and in Air 
Force to divorce research from specific 
military requirements as much as _ pos- 
sible, USAF’s experience will become 
a kev factor in what Putt called “the 
race of man into outer space.” 

Roy W. Johnson, Director of ARPA, 
recently told Congress his guess was 
that ‘““more than half of ARPA’s $520 
million program would actually be 
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executed by the U. S. Air Force.” 

Among the space programs still di- 
rectly in the Air Force research and 
development budget or being carried 
out by it for ARPA are those listed 
below. Each is discussed in more de- 
tail elsewhere in this issue 
e Pied Piper reconnaissance satellite. 
Under study and initial development 
for 10 years by Air Force, prime con 
tractor Lockheed Aircraft Corp. and 
associated companies, the Advanced 
Reconnaissance System (WS-117L) was 
supported at $55 million in Fiscal 1958 
USAF asked for $215 million for Fiscal 
1959, but ARPA set $152 million as a 
“more proper’ figure for the present. 
e Man-in-space. Johnson said this pro 
gram “would be Air Force, very sub 
stantially.” ARPA’s chief scientist, 
Dr. Herbert York, said: “We are pro 
posing and urging a man in space pro- 
gram on the grounds that we think it 
is reasonable to believe there will be a 
military requirement sometime for man 
in space, even though we cannot spell 
it out, and it is better to undertake 
these things, to have a deliberate pro- 
gram now, than it is to have a crash 
program later when the requirements 
can in detail be spelled out.” 

USAF has asked $170 million for a 
program that would put a man in orbit 
in 1959. ARPA asked Congress for 
only $46.2 million for man in space 
for Fiscal 1959, but left the way open 
to ask for more. 

e Lunar probes. ARPA has ordered Air 
Research and Development Com- 
mand’s Ballistic Missile Division to 
fire three instrumented probes to the 
vicinity of the moon. In the case of 
Pied Piper, ARPA assigned the project 
to USAF and USAF and ARPA funds 
were merged. In the lunar project, 
ARPA dealt directly with BMD. It 
did not transfer funds, but authorized 
BMD to cite ARPA funds for direct 
obligation, and to administer the con- 
tracts. Direction of this project will 
move to the civilian space agency 
eventually, but BMD probably would 
continue to execute it 

e Dyna-Soar. Air Force. has retained 
direct control of this family of manned, 
orbiting, boost-glide space vehicles pri 
marily because it is based on stated mili- 
tary requirements. After five years of 
study, the first project in the family is 
moving into the development stage 

e X-15 research aircraft. Still funded 
primarily by USAF, this North Ameri- 
can rocket plane has become a model 
for the kind of service-civilian agency 
cooperation essential to a successful 
national space program. 

e Space medicine. This work remains 
in the Air Force budget and contributes 
to almost all space efforts. It probably 
is the oldest space technology effort in 
the Air Force. 
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At the Pentagon level, USAF’s space 
technology efforts are directed by in- 
coming Deputy Chief of Staff for De- 
velopment Maj. Gen. Roscoe Wilson 
and his deputy for research and ,de- 
velopment, Brig. Gen. Homer A. 
Boushey. 


ARDC’s Support Role 


At the operating level, the Air Re- 
search and Development Command 
under Lt. Gen. S. E. Anderson pro- 
vides the foundation of technology 
through its nine centers and four 
allied locations (see map) and through 
more than 5,000 contracts with some 
1,000 companies, universities and re- 
search institutions 

ARDC has grown from 38,000 in 
1956 to about 43,500 men now, most 
of them engaged in contract manage- 
ment, evaluation, testing and inspec- 
tion procedures and a limited number 
engaged in in-house research and de- 
velopment work. 

The command has been plagued pri- 

marily by two problems 
e Fluctuating support of research and 
development since World War II. 
e Increasing demand of day-to-day de- 
velopment and engineering problems, 
at the expense of real research and early 
development work. 

On the first point, Assistant Secre- 
tary Horner told Congress 

“In the last 13 vears, this country 
bas gone through at least three full 


cycles of support of the military pro- 
gram. Immediately after World War II 


we demobilized. Our research and de- 
velopment program went to practically 
nothing. 

“Over the period of the next few 
vears we became gradually disen- 
chanted with the Russians and we ac- 
celerated our research and develop- 
ment program until the late 1940's, at 
which time we went through an econ- 
omy era and we took it apart again. 

“The Korean war brought on another 
acceleration and, as of last Oct. 1, we 
were gradually in the process of taking 
our program apart again. 

“Of all the things we do ia the mili 
tary departments, research and develop- 
ment is the most difficult to run on 
this kind of oscillatory support basis. . . . 
It is almost impossible to imagine the 
havoc created in a research and de 
velopment program by trying to rapidly 
reverse the level of support of the pro- 
gram. 

“We are wasting millions of dollars 
through canceling programs, starting 
programs, accelerating programs, and 
slowing down programs. 

“This, I am sure, is the major prob- 
lem we have over a period of years in 
reaching our objectives in research and 
development in the military sciences.” 

On the question of technical develop- 


ATLAS will play major role in space work. 


ment and research, the part of ARDC’s 
program which includes the fundamen 
tal work done to increase knowledge, 
incoming Assistant Deputy Chief of 
Staff for Development Maj. Gen. R. P. 
Swofford told Congress 

“The technical development and re- 
search effort is substantially constant 
for (the past few years). While it is es 
sential that stability of funding be main 
tzined in this fundamental area of out 
program, it is equally important that 
the level at which the stabilization ox 
curs is high enough to assure that we 
get ahead and stay ahead in this period 
of rapidly advancing technology 

“Funds requested (for Fiscal 1959 
will permit achievement of the objec 
tives established by the President's 
budget, but do not insure optimum 
progress in all-important fields of 
fundamental development and 
search.” 

USAF’s total support of research and 
development in the upcoming fiscal 
year, including $1.394 billion from 
aircraft and missile procurement and 
support funds and $243 million from 
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construction and personnel funds, will 
be $2.356 billion. 

ARDC’s requested portion of this 
in actual research and development ap- 
propriations is $728 million. In addi- 
tion, $174 million in USAF money has 
been transferred to ARPA—$64.3 mil- 
lion of it from the R&D budget—and 
some of that will come back to USAF 
to carry out ARPA projects. 

For the purposes of management, 
ARDC breaks its programs down into 
three areas: 
© Operational systems $157.9 million. 
About 60% of this is for work on 
strategic systems such as Atlas, Titan 
and Thor, the B-70 bomber, nuclear 
aircraft, etc. This also includes air de- 
fense systems, tactical systems, etc. 
¢ Field operations and base support, 
$332.9 million. This covers operation 








of the nine major research, develop- 
ment and test centers and allied loca- 
tions. Increased testing, particularly of 
missiles, has increased this cost, but the 
great bulk of test and engineering work 
is supported by production funds. 

e Technical development and research, 
$228.2 million. This vital part of the 
program accounts for only about 31% 
of the total research and development 
appropriation. 

A breakdown of this portion of the 
program into its three main compon- 
ents shows further how the research 
part of the spectrum at the far end from 
operational hardware suffers from the 
rapidity of technological advancement 
and necessity for attention to more im- 
mediate problems: 
© Technical support $35 million for re- 
search vehicles and the necessary test 
and instrumentation developments to 
make use of them. Emphasis is on flight 
exploration at very high altitudes. 

e Technical development, $153.1 mil- 
lion. This covers tasks such as rocket 
propulsion, nuclear warfare, fighter fire 
control, in 34 areas in which the result- 
ing developments can be expected to 
apply to military missions. 

© Research, $40.1 million. These are 
projects of a fundamental nature closely 
allied to basic research in the fields of 
propulsion, materials, electronics, geo- 
physics, biosciences and aeromechanics. 

Although this basic research category 
has increased $3.7 million over last year, 
it amounts to only 13.06% of the re- 
search and development appropriation 
itself, and less than 1% of the $2.356 
billion requested for R&D from all 
Air Force appropriations. An estimated 
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PLUTO as photographed by 200-in. telescope and Mars, Jupiter, Saturn by 100-in. 
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200 to 300 of the command’s 43,500 
complement are engaged in basic re- 
search. 

ARDC’s Air Force Office of Scien- 
tific Research in Washington, D.C., 
and its European Office in Brussels, 
Belgium, support most of the basic re- 
search effort through contracts. While 
AFOSR is the major center for this, 
Wright Air Development Center, Rome 
Air Development Center, Air Force 
Cambridge Research Center and others 
carry some basic work in-house and on 
contract. 

A staff of 40 in Brussels monitors 
some 180 contracts in 16 European and 
Middle Eastern countries. About 130 
of them are in basic work. Contract 
level is about $3 million. 

Other centers and their basic re- 
search, development and test missions: 
e Cambridge Research Center. Geo- 
physics and electronics, primarily air- 
borne. 
¢ Rome Air Development Center. Elec- 
tronics, primarily ground-based. 

@ Wright Air Development Center. 
Materials, propulsion, secondary power, 
aerodynamics, human factors, naviga- 
tion, guidance, reconnaissance, bomb- 
ing, fire control, etc. 

eAmold Engineering Development 
Center. Aerodynamic test and simu- 
leted altitude propulsion test for USAF, 
contractors and other services. 

e Air Proving Ground Center. Systems 
engineering tests and operational evalu- 
ation tests and development of non- 
nuclear weapons. 

© Missile Test Center. Long range mis- 
sile test and evaluation for USAF, con- 
tractors and other services, and training. 
@ Special Weapons Center. Nuclear 
weapons and their effects and test sup- 
port to Atomic Energy Commission. 

® Missile Development Center. Short 
range missile test, guidance subsystems 
test, biodynamics test. 

e Flight Test Center. Aircraft and 
rocket engine test and evaluation for 
USAF, contractors, other services. 

While the command provides a 
strong technological base to support 
USAF’s missions, the problems of grow- 
ing from a force made up solely of 
manned aircraft to the proper balance 
of aircraft and missiles to the triple mix- 
ture of aircraft, missiles and spacecraft 
in a very few years have imposed tre- 
mendous burdens on the research and 
development program in an extremely 
competitive situation. 

Gen Swofford told Congress: 

“I am no expert on the Soviet Un- 
ion’s research and development pro- 
gram. We do see evidences of what they 
are able to accomplish. There is cer- 
tainly nothing that makes us feel very 
good about the — with which we 
are overcoming these basic trends of 
their catching up to us, or possibly, 
surpassing us.” a 
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Navy Moves to Establish Space Mission 


Navy is moving quietly but effectively to establish itself in space both 


politically and technologically. 

Politically, the Navy is making no 
sweeping attempt to grab all or most 
of space as its private domain. What 
it does hope to do is convince the De- 
fense Department, White House and 
Congress that it has a logical need to 
go to space in order to carry out present 
mission assignments. 

Rear Adm. John T. Hayward, Assist- 
ant Chief of Naval Operations for Re- 
search and Development, recently told 
the House Select Committee on Astro- 
nautics 

“There has emerged an implication 
in certain areas that the Navy is not 
interested in a space or satellite pro- 
gram. This is absolutely untrue. The 
Navy definitely is interested in, and 
desires active participation in, a na- 
tional satellite and space program.” 


Man-in-Space Wanted 
The space needs already listed pub- 


licly by the Navy include reconnais- 
sance, communications relay and navi- 


gation aids. In addition, Navy is press- 
ing for Defense Department permission 
to place a manned weapon into space. 

\ small group within Bureau of Acro- 


nautics has been working for more than 
a year on definite plans for a man-in- 
space project, and BuAer last month 
asked the Advanced Research Projects 
Agency for approval of a specific pro- 
gram (AW May 26, p. 31). As out- 
lined to ARPA, prime contractors in 
the program would be Goodyear and 
the Martin Co. Navy estimated the 
cost of getting the project under way 
at $600,000. Similar, more-advanced 
projects also are being studied. 

All the BuAer man-in-space pro- 
grams are primarily weapon systems and 
each envisions use of the sea as the 
vehicle’s home base. Early systems 
would be based on the surface of the 
sca, but eventually Navy hopes to go 
underwater, with a manned space 
weapon system patterned along the 
same general lines as the Polaris sub- 
marine concept. 

Navy argues that water basing—par- 
ticularly that incorporating mobile un- 
derwater systems that could hide for 
long periods beneath the polar ice caps 
—would provide an elusive target and 
an ever-present threat. 

In addition, its spokesmen say, vehi- 
cles designed for water landings would 
have the advantage over land-based sys- 
tems of having broad stretches in which 
to land in the event of a navigational 
error on the part of the crewman or 
ground controllers attempting to return 
the craft to a pre-determined point on 
the earth’s surtace 


Several study contracts to bear out 
its findings have been let by Navy, and 
some already have been completed. In 
its studies of manned vehicles, a Bu- 
reau of Aeronautics spokesman says, 
“We've limited ourselves strictly to 
military applications, with no attempts 
at publicity stunts involved.” 

The vehicle itself would be all Navy, 
but an outside service probably would 
be called upon to provide the necessary 
propulsion system. Initial discussions 
have been conducted with the Army 
regarding possible use of the Jupiter-C 
intermediate range ballistic missile, 
which will be available for other than 
pure missile uses much sooner than 
the solid-propellant Polaris flect ballistic 
missile. 

Regarding the present controversy as 
to whether man would be useful in 
space or whether an unmanned ma- 
chine could handle the job more efh- 


ciently (AW May 5, p. 26), Navy be 
lieves there is a vital role to be played 
by the human crew member. One 
official explains 

“In an unmanned satellite, the ques- 
tion of processing the data received be- 
comes a monumental task. If man 
could be used to take of the 
information and the machine only 5%, 
this problem would be reduced con- 
siderably. He also can exercise judg 
ment in selecting targets. This means, 
if you're going to ask him to delineate 
problems, you have to give him a means 
of changing profile, so it will be a dif- 
ferent type vehicle than the unmanned 
system. Additionally, there is the ques 
tion of security. Man can store the in 
formation and bring it back to earth 
with him.” 

lechnologically, the Navy believes it 
has a wide range of experience and 
know-how to offer for space programs 
of its own and those of other services 
it began and development 


in 95% 


research 
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studies and experimental developments 
related to space travel in 1942. By 1945 
it had come up with a firm proposal 
tor a satellite project. After lengthy 
debate, the proposal was rejected by the 
Committee on Guided Missiles of the 
Research and Development Board as 
not having sufficient military value. 

Navy's medical programs also pio- 
neered in human factors research de- 
signed to keep man alive and operative 
in space. Naval Research Laboratory 
has gained experience in establishing 
telemetering stations and in secording 
and processing ‘data received from the 
U.S. and Soviet satellites fired to date. 
Such experience, Navy feels, will be 
particularly useful in the more advanced 
systems to come, when the ground sta- 
tions also will exercise at least some 
control over the profile and mission of 
both manned and unmanned vehicles. 

Another area in which the Navy has 
figured prominently since 1946 is the 
field of high altitude research. Balloon 
flights sponsored by the Office of Naval 
Research have carried men and instru- 
ments to altitudes of up to 86,000 ft. 
The program includes extensive plans 
for sending large telescopes to altitude. 
ONR hopes to ~eunally place a large 
telescope into orbit. 

Naval Research Laboratory has spon- 
sored an upper atmosphere rocket re- 
search program over the past several 
years, beginning with the Martin Vik- 
ing at the end of World War II. One 
Navy-developed rocket, Aerojet’s Aero- 
bee-Hi, reached an altitude of 193 mi., 
and Navy’s experience in upper atmos- 

here research in general was a major 
lene in its selection as manager of the 
Vanguard earth satellite program. 

Navy spokesmen also point out that 
they can supply to a national program 
strategically placed ships “properly in- 
strumented and equipped to perform 
such essential functions as mobile 
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launching, tracking, data collection and 
analysis, control and recovery.” Tele- 
inetry ships would permit the range to 
be altered or extended to monitor and 
track vehicles placed in various orbits. 

Such ships may become an integral 
part of the Navy-managed Pacific Mis- 
sile Range now being instrumented. 
Scheduled to become partially opera- 
tional for limited intermediate and in- 
tercontinental firings by October, the 
range when completed will cost an esti- 
mated $158 million. Funds for the 
range in the Fiscal 1959 budget request 
total $34.1 million including $23 mil- 
lion for instrumentation and $4.6 mil- 
lion for test firings. 

Along with telemetry, the Naval Re- 
search Laboratory has worked exten- 
sively in the fields of instrumentation 
and communications. One NRL spokes- 
man—referring particularly to the ex- 
perience gained through the Vanguard 
earth satellite program—says: “Anybody 
working in these fields (instrumentation 
and communications) who doesn’t con- 
cult us isn’t properly up on the state of 
the art.” 

Whether the political or technologi- 
val roadblocks will provide the greater 
obstacle for Navy’s plans for a broad- 
base space program within the near 
future is still largely unanswerable. 

Drafting of the nation’s over-all space 
program beyond the International Geo- 
physical Year, the direction it will take 
and the roles and missions of the vari- 
ous services is awaitmg final organiza- 
tion of the civilian National Aeronau- 
tics and Space Agency, and some de- 
lineation of its responsibilities as op- 
posed to those of Defense Department's 
Advanced Research Projects Agency. 

However, Navy has firm programs on 
hand and is prepared to move rapidly 
once a go-ahead is received, whether 
it be received from ARPA or NASA. 

As it now stands organizationally, 


Bureau of Aeronautics will concern it- 
self solely with man-in-space programs. 
Bureau of Ordnance will most likely 
become the lead bureau for the large 
unmanned systems, particularly recon- 
naissance vehicles and systems employ- 
ing the solid-propellant Polaris as part 
of its propulsion system. Office of Naval 
Research, under Chief of Naval Re- 
search Rear Adm. Rawson Bennett and 
the Naval Research Laboratory, will 
rovide much of the scientific backup 
vm all the Navy programs. 

The Naval Observatory also is ex- 
pected to play a major role in both the 
Navy and the over-all national space 
programs, particularly in the fields of 
telemetry and the interpretation and 
dissemination of data from navigation 
satellites. 

Navy believes that unmanned ve- 
hicles for reconnaissance, communica- 
tions relay and navigation can materially 
benefit its mission on the sea. 


Uses for Satellites 


A navigation satellite, for example, 
could provide the commander of a 
Polaris submarine information as to his 
exact location at sea, a fact he must have 
if he is to fire his missile at a specified 
target with any hope of accuracy. A 
reconnaissance satellite might provide 
him with target information on one 
orbit around the earth, data as to how 
successful his firing was on another. 
Communications satellites would be of 
obvious benefit to all the Navy forces. 

If money and permission are re- 
ceived, Navy might also send up satei- 
lites instrumented to study the nature 
of the sea itself. Results of such a study 
might provide information that would 
prove invaluable in the development of 
improved systems for anti-submarine 
warfare, an area in which the Navy crit- 
ically needs improved equipment. 

Much of the over-all responsibility for 
presenting the Navy's case and then 
monitoring whatever programs accrue 
will lie with Adm. Hayward in his role 
as Assistant Chief of Naval Operations 
for Research and Development. 

Adm. Hayward, heading an office that 
is still less than a year old, acts as the 
principal adviser to the Chief of Naval 
Operations in the areas of research and 
development. His functions include ap- 
proval of operational requirements pro- 
posed by the warfare divisions in the 
office of the Chief of ‘Naval Operations. 
He also reviews the technical develop- 
ment plans that the bureaus propose in 
response to these requirements. 

It will be Hayward’s office that wiil 
make the major recommendations as to 
which bureau will handle what in the 
Navy’s space program. Essentially, his 
office is divided into two main branches 
—weapon (support) system planning and 
program management, including opeta- 
tional evaluation. oa 
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Army’s Mission in Space Is 


Army, which put the first U.S. satellite into orbit, has been authorized 
by Advanced Rescarch Projects Agency to undertake one, and possibly two, 
lunar probes and also to launch two, and possibly three, earth satellites. ‘The 
satellites will be Explorers or variations thereof and the rockets used will 


be modified Jupiter-Cs. 


The Army’s proposal to place a man in a capsule atop the Redstone 
missile and send him up to an altitude of 150 mi. is still under consideration 
by the Defense Department. But this experiment is not tied in with the 
Army’s space work, declares Maj. Gen. John Medaris, Chief of Army Ordnance 
Missile Command. Rather, it will be part of a separate series of experiments 
concerned with transporting men by missile—not through space, but from 


one point on earth to another. 

[his ‘““men-by-missile” program would 
be more closely associated with special 
forces operations. The idea is to get 
a small number of specialists such as a 
medical aid or demolition team to a key 
point at a specific time “with the as- 
surance that they won’t be clobbered by 
the enemy on the way in.” 


Separation Impossible 


Actually, it is impossible to separate 
missile or weapons work from space 
projects, Gen. Medaris declares. Tech- 
nical problems for both are closely 
interlocked; there are many fruitful op- 
portunities for cross-pollination of 
ideas; variety makes the work of the re- 
searchers more challenging. 

Army has no intention of trying to 
keep space and weapons projects dis 
tinct, either in its own facilities or 
among outside contractors. The recent 
placement of the Pershing contract 
with the Martin Co., contrary to some 
speculation, does not signify any change 
in the Army’s arsenal concept nor is it 
part of any plan to give weapons work 
to private industry in order to keep 
Army scientists free for space work, says 
Gen. Medaris. As an ordnance man- 
ager, he is interested in maintaining a 
reasonable workload balance between 
industry and government. At present, 
the balance in the Army's missile work 
runs about 70% to industry and about 
30% in-house. The average division is 
closer to 82% for industry to 18% in- 
house. 

Right now, the Army is running 
about 80 static firings a month at Red- 
stone Arsenal. Most of these are part 
of weapons programs. Space programs 
constitute only a very small percentage 
vf current work. From here on in, 
Gen. Medaris expects to see an increase 
in both the over-all missile work and 
the percentage represented by space 
projects. 

To better handle its rapidly expand- 
ing missile work, the Army recently re- 
organized its Redstone Arsenal complex 
Effective Mar. 31, 1958, the Army Ord- 
nance Missile Command came into be- 
ing after about 15 months in the gesta- 
tion period. 


AVIATION WEEK, June 16, 1958 


The creation of this new command 
(see chart, p. 92) is designed to en 
able the Army to exploit its missile cap- 
abilities as fast and as fully as possible 
by placing all the resources in this area 
under one commander along with the 
1esponsibility for all the decision-mak- 
ing required to bring a missile from an 
idea to a field-proven weapons system. 

This new command extends from 
California to Cape Canaveral, Fla. with 
the management headquartered in 
Huntsville, Ala. Commanding general 
of AOMC, Gen. Medaris, reports di- 
rectly to the Chief of Ordnance on rou- 
tine research and development projects. 
For special priority—weapons or space 
projects, there are direct access lines be- 
tween Medaris on one end and, on the 
other, the Secretary of the Army, the 
Army Missile Committee, and the Ad- 
vanced Research Projects Agency. 

Under Medaris and his command 
headquarters staff come Redstone Arse- 
ual, Army Ballistic Missile Agency, 
Army Rocket and Guided Missile 
Agency, White Sands Proving Ground, 
and Jet Propulsion Laboratory. 


Non-Ballistic Responsibility 

ARGMA, which is the new group, 
has taken over the responsibility for 
non-ballistic weapons formerly held by 
Redstone Arsenal. These weapons in- 
clude Sergeant, Corporal, Honest John, 
Little John, Nike Ajax, Nike Hercules, 
Nike Zeus, Lacrosse, land-based ‘Talos, 
Dart, Plato and Hawk. At present, 
\RGMA, which is under the command 
of Brig. Gen. John G. Shinkle, has the 
largest budget of all AOMC subgroups. 
In 1959, for example, ARGMA will 
spend approximately $180 million on 
research and development and perhaps 
another $800 millon on production 
and procurement. 

Redstone Arsenal, the physical home 
base of AOMC, is now essentially a 
post command. Under the direction of 
Col. Keith T. O'Keefe, it is respons- 
ible for the housekeeping of the 40,000- 
acre arsenal reservation and for provid- 
ing support to ARGMA, ABMA and 
the Ordnance Guided Missile School. 
Besides OGMS, other tenants on the 
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base who are not part of the AOMC 
table of organization are Rohm & Haas 
and Thiokol, which do work on solid 
propellants for ARGMA Combined 
support for all AOMC groups will cost 
about $137 million next year 


White Sands 


White Sands Proving Ground, com- 
manded by Maj. Gen. W. E. Laidlaw, 
is located in south central New Mexico 
Its main mission is providing integrated 
range facilities for flight testing of mis 
siles under development by all three 
services. In addition, it conducts lab- 
oratory tests of Army compo- 
nents and carries out independent engi- 
neered testing of complete Army mis 
sile systems before they are released for 
AOMC estimates White 


missile 


field use 


Sands will spend $70 million next year. 
Jet Propulsion Laboratory, located 


JUPITER-C, carrying Explorer, takes off 
from Cape Canaveral, Fla. 
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near Pasadena, Calif., is a government- 
owned, research and development facil- 
ity, operated for the Army by California 
Institute of Technology. Director of 
the laboratory is Dr. William H. Picker- 
ing. 

JPL is responsible for originating, de- 
veloping and testing new guided mis- 
siles; doing basic research in the physi- 
cal sciences in support of weapon sys- 
tem development and making feasibility 
and evaluation studies of special pro- 
grams of national interest. Next year 
JPL will spend $25 million carrying out 
its missions. It will make use of test 
facilities at Edwards AFB, Patrick AFB 
and White Sands, in addition to its 
own near Pasadena which include two 
supersonic wind tunnels and a new hy- 
personic tunnel now nearing comple- 
tion. 


Importance Grows 


Among other things, the laboratory 
was responsible for the development of 
the Corporal, the scaled-down Sergeant 
engines used in the Jupiter C, and for 
the design of the Explorer. Currently, 
it is charged with the development of 
the Sergeant missile and is involved in 
the continuation of the Explorer pro- 
gram and in other Army space projects. 
JPL has a library containing 150,000 
volumes on jet propulsion and related 
missile subjects, it is believed to be the 
most complete collection in the field. 

The Army Ballistic Missile Agency 
was created on February 1, 1956 to ex- 
= the development of the Army’s 

llistic missiles—a project that was be- 
coming big and important enough to 
separate from the rest of the missiles— 
which were under the jurisdiction of 
Redstone Arsenal. It was built around 
the original Redstone development 
team, which consisted of Wernher von 
Braun and some of his fellow German 
scientists who developed the V-2 at 
Peenemiinde, and was assigned re- 
sponsibility for both the Redstone and 
Jupiter missiles. 

ABMaA still holds the responsibility 
for these weapons, as well as for all 
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space systems based on these missiles, 
such as the Jupiter C. 

In addition, the Army has placed the 
development of the new Pershing bal- 
listic missile under the aegis of this 
agency. 


ABMA Spending 


Brig. Gen. John A. Barclay, who had 
been Deputy Commander of ABMA 
under Medaris, became commander 
when Medaris moved up to AOMC. 
The Air Force, which will operate the 
Jupiter, has a liaison office attached to 
the agency and its 864th Jupiter Mis- 
sile Squadron in training there. Dr. 
von Braun directs the Development 
Operations Division which consists of 
10 laboratories and constitutes the larg- 
est segment of ABMA. Of the more 
than $650 million ABMA is scheduled 
to spend next year, over $95 million 
will go into research and development; 
the rest, into production and procure- 
ment. 

In all, the recently created Army 
Ordnance Missile Command, under the 
direction of General Medaris, will 
spend over $2 billion during Fiscal 
1959. 

It has the responsibility for 15 
major weapon systems and a still un- 
determined number of space projects. 
It employs 23,000 people (including 
5,000 military personnel) and directly 
influences the activities of another 
9,000 military men; occupies over 25 
million acres and operates facilities 
worth close to $500 million, not includ- 
ing construction underway and future 
construction planned. 


Experienced Group 

“We have the only rocket group in 
the country here that has 20 years ex- 
perience as a team. And we've had to 
pay for only 10 years; Germany paid 
the rest.” 

The colonel who made this statement 
was referring, of course, to ABMA’s 
Development Operations Division staff 
under von Braun, 

It is this group that will carry the 


biggest share of the Army’s space and 
satellite program. According to 
Medaris, his first orders from the Ad- 
vanced Projects Research Agency as- 
sured him that the talents and abilities 
of ABMA will be well utilized in the 
space program. Jet Propulsion Labora- 
tory will continue to work on space 
projects and, with ABMA, will make up 
AOMC’s space team. Both groups, of 
course, will continue their work on 
weapon systems as well. 

Although some details still have to 
be worked out and others are subject to 
the development of future 
Army space projects will probably pro- 
gress as follows: 

First comes the idea. This may orig- 
inate anywhere, but more than likely 
will come from one of the researchers 
within JPL or ABMA’s Development 
Operations Division. From the orig- 
inator, the idea will go to other re- 
searchers who will build up on the basic 
concept, answering questions such as: 
What will it look like? What will it 
cost? When can it be ready? What 
will it accomplish? 

The concept will then proceed to 
AOMC Headquarters staff. Here, the 
research and development group will go 
over the project and pass it on to Gen- 
eral Medaris. At this point, Medaris 
may consult with his chief scientist, Dr. 
Gilford G. Quarles. 


Special Proposals 

If the proposal in question is a satel- 
lite or some other device considered of 
special significance, Medaris will for- 
ward it directly to ARPA, with copies 
going to bypassed groups in the table of 
organization. Otherwise, the a 
will proceed to the Chief of Ordnance 
who will decide what effects it will have 
on other development programs, both 
space and oer . 

From Chief of Ordnance, project 
passes to Chief of Research and Devel- 
opment whose office is actually part of 
Secretary of Army's staff. R&D, which 
is generally notified at the as of 
a project, recommends it to the Chief 
of Staff and the Defense Department 
as having official Army approval, and 
the proposal moves on to ARPA. 

If it approves the project, ARPA au- 
thorizes AOMC to start work and pro- 
vides the necessary funds. Periodic 
progress reports by AOMC keep ARPA 
informed on the development of the 
program. 

In the event the program originates 
with ARPA, it is submitted to the 
Army, Navy and Air Force for bids. In 
the case of the Army, it would go di- 
rectly to Medaris. Medaris would call 
in ABMA and JPL and ask them to pre- 
pare a detailed bid giving costs, sched- 
ules, etc., which he would then submit 
to ARPA for approval and authoriza- 
tion. a 
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@ SPACE AGENCIES 


Industry Faces Stiff Space Age Rivalry 


Tougher competition for more dollars providing fewer end items appart- 
ently will be industry’s pattern for the future. 

As Defense Department and the state of the art push further into space, 
there will be fewer prime production contracts, each representing a large 
dollar volume, plus an increased demand for basic research and development. 


The move toward fewer prime con- 
tracts requiring diverse talents and capa- 
bilities is expected to push the larger 
firms gradually into a number of loose 
associations formed to bid on specific 
projects and disbanded when the pro- 
grams are completed or the contracts 
are lost to another group of contractors. 
Within the association, cach company 
would carry part of the load of a par- 
ticular contract and one firm would act 
as the over-all manager. 


Dyna-Soar Is Example 


The trend already has begun with the 
team proposals for development of the 
Dyna-Soar hypersonic glider project. 

Technological capability, funds and 
facilities necessary for the development 
of end items related to space, and the 
probability that the company associa- 
tions will be capable of performing 
most of the associated work with a mini- 
mum of subcontracts, may cripple some 
of the smalle: firms now engaged in 
production. Others with particular skills 
needed by larger firms may be absorbed 
or merged. Still others will evolve into 
essentially research and development 
hirms. 

Some industry spokesmen believe 
that the move toward loose associations 
of contractors could provide more 
security for the firms involved than they 
have now. One company, they say, 
might be involved in several associa- 
tions, working on a number of prime 
contracts. Cancellation of one large 
contract would affect a number of com- 
panies, but in a relatively small way, 
rather than “driving one particular firm 
to the wall” as can happen under the 
present system. 

Just how great a change the space 
era will bring to the over-all structure of 
industry will not be resolved until the 
Defense Department and Congress de- 
termine how fast, and in what direc- 
tions, the U.S. effort will be pushed. 

Both industry and military officials 
generally agree, however, that there will 
be no overnight transformation. Shift 
in the defense dollar from conventional 
systems to space vehicles and the con- 
sequent changes within industry will be 
gradual, generally following the pattern 
established when the ballistic missile 
appeared as a complement to manned 
aircraft. 

One change predicted by Malcolm A. 
MacIntyre, Under Secretary of the Air 
Force, and Dudley Sharp, Assistant 


USAF Secretary for Materiel, will be 
the emergence of avionic and power- 
plant manufacturers as heads of weapon 
svstem contracting teams. MaclI ntvre 
adds: 

“This is not a prediction; it is sim 
ply a recognition of the fact that evolu- 
tionary processes are at work in indus- 
trv as well as in military technology.” 

In a speech at a recent meeting of 
the Society of Automotive Engincers in 
New York in which he outlined what 
the Air Force expects from industry, 
MacIntyre also warned that industry re 
search and development programs will 
be expected to provide “‘giant-step ad 
vances in performance. With first 
article weapons costing multimillions 
per copy, we have no room for pro- 
grams which promise but slight im- 
provements over present systems.” 

Industry, he said, must develop new 
production, techniques to increase the 


efficiency and accuracy of production 
and “critically” take inventory of its 
facilities in order to phase out tools, 
high bay areas and warehouses in excess 
of present or planned production. 

“Lower production quotas,” he said, 
“will directly affect the overhead 
we must load onto unit costs. There- 
fore, it is an urgent necessity that we 
take everv effort to hold overhead to a 
minimum. Excess overhead could well 
mean cutting the quantities to be pro- 
duced.” MaclIntvre added 

“At the management level, com- 
panies should evaluate their financial 
management and financial controls so 
that they may have better expenditure 
control. 

In the area of personnel, man- 
agement must make full use of its labor 
force, and particularly the utmost use of 
the technical skills of its enginecring 
people.” 

Tight Fiscal Policies 

lhe government also can be expected 
to continue the policy, which it began 
to push seriously during the financial 
crisis of early Fiscal 1958, of insisting 
that industry provide more and more 


NEBULOSITY in Monoceros as photographed in red light by 200-in. telescope. 
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VIEWS of planet Mars, taken in red light, show rotation. 


of its own funds to support basic re- 
search programs and the new types of 
facilities needed for the development 
and production of advanced weapon 
systems. 

Stringent Defense Department ex- 
penditure targets, forcing stretchouts in 
progress payments, slippages in deliv- 
ery schedules and requests for deferred 
billings (AW April 21, p. 26) also are 
expected to remain in the picture for 
some time to come. 

Burdens that the present fiscal pol- 
icies impose on industry, slowing the 
development of advanced systems, were 
outlined by Ernest F. Leathem, assist- 
ant to the president, Raytheon Manu- 
facturing Co., at an industry-Navy re- 
search and development conference. 


Low Rate of Return 

The policies as outlined by Leathem 
produce results almost directly counter 
to those MacIntyre says the Air Force 
expects. Commenting upon the rela- 
tively low rate of return paid by the 
Defense Department for research and 
development work, Leathem said: 

“Another serious question is how gov- 
ernment can expect industry, at such 
low rates of return, to finance and ex- 
pand its research and development fa- 
cilities or even to keep them modern. 

“Certainly in times of tight money 
and higher interest costs, lenders will 

refer loans to businesses earning at, or 

tter than, the national average, not 
ones at less than half of this amount. 
The same is equally true of investors in 
equity stocks. 

“Depreciation allowances, even as re- 
cently liberalized, only allow recovery of 
initial cost—not replacement value of 
today’s market. Obsolescence takes a 
greater and greater toll as the pace of 
technological advances accelerates. 

“Therefore, moneys accumulated 
through such reserves are not sufficient 
to meet their purpose, putting a still 
further drain upon profits and creating 
a still larger requirement for working 
capital. 

“The only way industry engaged in 
government work—and especially in re- 
search and development Se gpnage 
meet these conditions is to find a way to 
earn higher rates of profit on such work. 
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The only alternative is more govern- 
ment subsidization, which would ap- 
pear to be both contrary to our basic 
concepts of private enterprise and im- 
possible under the present shortage of 
government funds.” 


Bankers’ Views 


Leathem’s remarks are underscored by 
a report on the aviation industry com- 
piled by the Aviation Securities Com- 
mittee of the Investment Bankers As- 
sociation of America. The report said, 
in part: 

“While free competition in the in- 
vestment market has reduced aircraft 
manufacturers to a low priority for new 
capital investment, the need for such 
investment in terms of national sur- 


vival may be greater than at any time 
in history. 


: The aircraft manufacturers’ 
problem is in large measure a financial 
problem. The solution lies in a con- 
ressional appropriation policy and a 
Jefense Department procurement pol- 
icy that will afford the aircraft manu- 
facturers adequate stability, allowing 
them to successfully compete in the 
free capital markets for additional in- 
vestment in their high-risk industry. 
In this sense, adequacy must be de- 
termined—not by an arbitrary formula 
or by administrative decree—but by a 
growth and stability factor that will 
attract the required capital to ensure 
American aviation superiority.” 

Whether or not the financial spigots 
are opened—and this can only be done 
through the politically explosive ex- 
pedient of raising the national debt 
ceiling—the Defense Department, and 
Air Force in particular, are approaching 
space on two broad fronts, unmanned 
satellites and manned vehicles. 


Space System Approaches 


In the move toward space, Secretary 
MacIntyre says a “considerable amount 
of research and development effort will 
be directed toward the solution of many 
system problems. 

“Among these are such areas of in- 
terest as flight control and guidance sys- 
tems and extremely long-range com- 
munications. Much effort must be de- 
voted to developing vastly improved 


propulsion systems. . . . And of course 
materials engineers and scientists will 
be engaged in developing alloys, ceram- 
ics and cermets for space vehicles. 

“A greater proportion of our hardware 
dollars will be used to buy specialized 
items in quantities of two to eve copies 
per type. This, in turn, will further re- 
duce our need for mass production 
facilities and for quantity output tool- 
ing. The ratio of engineering manhours 
to labor man-hours will alter consider- 
ably, in favor of the former.” 

Industry, in turn—and, again, with 
the direction in which the nation will 
launch its major effort still in doubt— 
has flooded Defense Department and in- 
dividual services with proposals for 
manned and unmanned space flights 
and plans for various lunar probes and 
orbits. 

Air Force and Army already have 
been given the go-ahead on lunar probe 
programs, and USAF is developing an 
unmanned reconnaissance satellite with 
Lockheed Aircraft Corp. as prime con- 
tractor. Other industry proposals that 
have been presented include: 

e Dyna-Soar hypersonic glider project. 
e Plan to add a Navaho booster to 
North American’s X-15 high-altitude 
research aircraft in order to obtain a 
minimum orbit within a minimum time 
span. 

e Aecronutronic Systems Inc.’s plan for 
a Phase II followup of Project Farside 
that would place a rocket in the vicinity 
of the moon at an estimated cost of $3 
million. 

e Aerobee M, a moon orbit proposal by 
Aerojet-General Corp., a five-stage solid 
propellant vehicle aes on Aerojet’s 
Senior rockets which were developed in 
connection with Navy's Polaris fleet 
ballistic missile program. 

e Convair proposal for a four-man space 
station, which the company says could 
be put into a 400-mi. orbit within five 
years at a cost of approximately $500 
million. Designed by Krafft Ehricke, 
technical director of Convair’s Astronau- 
tics Division, the station concept is 
based on the Atlas intercontinental bal- 
listic missile. 

One factor that could be of major im- 
ae to industry in the future, and 

elp ease its economic burden, is the 

tentative step Army has taken toward 
modification of its arsenal concept (AW 
March 31, p. 19). 

In a first step toward relying more 
heavily upon industry, Army awarded 
the Martin Co. a multi-million dollar 
contract for research, development, 
testing and production of the 500-700 
mi. Pershing solid propellant missile. 

Army spokesmen concede that the 
Pershing contract approaches a test case 
for industry and that the degree to 
which it will modify the arsenal concept 
depends largely upon the success of the 
program. a 
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NORTH AMERICAN pilot Scott Crossfield wears MC-2 suit in heat test at Wright Air Development Center. 
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. . compared to supersonic test sleds like 
these. In firings that duplicate the mur- 
derous accelerations and decelerations of 
space missiles, 4#ae@a@ checks out complex 
systems of incredible precision and deli- 
cacy: airborne digital computers . . . in- 
ertial navigation equipment . . . and other 
top secret apparatus. 


AMERICAN BOSCH ARMA CORPORATION 


SNORT Track, U. S. Naval Ordnance Test Station 


Bobsleds are bassinets 


Such systems— designed, tested and pro- 
duced by A4@afa—have won ARAMA an 
enviable reputation for leadership in ad- 
vanced electronic and electro-mechanical 
equipment of utmost reliability. asmece ... 
Garden City, New York .. . A Division of 
American Bosch Arma Corporation. 
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MOTORBOAT satellite designed by National Advisory Committee for Acronautics gains lift from shape, re-enters slowly, lands on water. 


Man-In-Space Timetable Still Debated 


By Irving Stone 


Air Force’s Man-In-Space-Soonest (MISS) program, scheduled to put a 
manned capsule satellite into a 200-mi. orbit by the end of next year, is 
considered too daring a project by some scientists and engineers close to the 


space technology picture. 


Time scale for the MISS project (AW Apr. 7, p. 26) does not permit 
solution of prime problems to ensure a successful mission and safe return, 
they say. They point to the great number of human factors problems which 
must be solved first and add a final caution—that the “reliability” of the 
manned orbiting vehicle should approach that of present-day conventional 


aircraft. 

Air Force planners, aware of these 
contentions, probably are pushing for 
relatively early manned satellite trials 
because they feel 
e Many human factors aspects of space 
travel never will be resolved adequately 
in ground-based laboratory environ- 
ment. 

e Manned space vehicles, regardless of 
type, will not achieve the operational 
reliability of present-day aircraft for a 
long time to come. The new and rela- 
tively hostile environment of outer 
space will make achievement of this 
reliability infinitely more difficult than 
that attained in 50 some years of prog- 
ress from the first powered, heavier- 
than-air flight to present supersonic air- 
craft. 

e Man will never be “fully” ready to 
cope with all the progressions of space 
travel and he will have to begin fitting 
into these successive stages by early and 
reasonable participation, with all its 
risks. 

e Propaganda value of putting a manned 
satellite into orbit and recovering it 
would be of tremendous value to U.S. 
international prestige and would set the 
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pace for support of military and scien- 
tific projects, which are so closely in- 
terrelated in the new space era 

@ USSR’s successful orbiting of the dog- 
carrying Sputnik II indicates that Sovi- 
ets seobelll are not far from attempting 
earth-orbiting satellites. 


Dozen Preliminary Shoots 


Scientists and engineers who feel that 
Air Force is projecting the MISS pro- 
gram on too accelerated a basis also 
point out that the program will have to 
start almost from scratch, will require 
about $170 million in initial funding, 
will involve at least a dozen preliminary 
shoots with animal-carrying satellites— 
some of them recoverable, perhaps, to 
check after-effects of environment and 
re-entry on living subjects. They sug- 
gest the joint Air Force-Navy-National 
Advisory Committee for Acronautics- 
North American Aviation Inc. X-15 
project as an alternative, with its logi- 
cal, step-by-step progression into space 
and its winged configuration to aid re- 
entry. 

In X-15’s elliptical-arc flight, the pilot 
could be exposed to about 5 min. of 


weightlessness, bio-engineers point out 
substantially than the 43-50 sec 
produced in parabolic flight 
ments. This would afford a preliminar 
and vital, insight to coordination and 
subjective adjustment of man to a new 


more 
exper! 


environment 

Intent of the X-15 designers is to 
feed in modifications to permit length 
ening of the elliptical flight path 
that flight could be lengthened gradu 
ally to half way around the world and 
finally into an orbit about the 
This orbiting could be accomplishe: 
within two vears after the initial. flight 
in 1959 if re-entry techniques are pet 
fected and the whole man-machine svs 
tem works out, bio-engineers sa\ 

Change in tempo of the planning for 
cut-of-atmosphere experiments since th 
X-15 conceived, plus Russian 
achievements, has prompted Air Force 
planners to accelerate the time period 
in which man could orbit the earth and 
return safely. Any data generated in 
X-15 trials will increase the foundation 
of knowledge for the Man-In-Spac« 
Soonest (MISS) program—particularl 
information on re-entry, the most crit 
ical aspect of the manned satellite pro 


gram. 
Funds Not Pinpointed 


Even though funds for Air Force 
MISS program are not pinpointed, Air 
Research and Development Command 
has started to turn gears for the project 
by requesting technical presentations 
from industry members and NACA 
Schemes for satellite capsules were out 
lined at briefing sessions at the end of 
last February. Industry companies that 
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LANDS5-AIR, Inc. 


WHITE SANDS DIVISION: 
Collection of missile data and research and 
development of equipment for this purpose. 


INSTRUMENT & ELECTRONICS DIVISION: 
Accomplishing development of new instru- 
mentation techniques and the prototype fab- 
rication of equipment. 


MATTERN X-RAY DIVISION: 
The manufacturing area of Land-Air, Inc., 
which fulfills quantity production require- 
ments. 


CHEYENNE DIVISION: 
Within this double hangar is a two-fold pro- 
gram of Engineering Design and Aircraft 
Modification. 


qualified ability in aviation 
electronics and manufacturing 


Yi PT. MUGU DIVISION: 
Processing photographic and oscillographic 
data obtained by missile launchings at this 
Naval Air Missile Test Center. 


FIELD OPERATIONS DIVISION: 
Supplying aircraft, aircraft engine and elec- 
tronic technicians on a world-wide basis. 


LOS ANGELES DIVISION: 
Industry wide data processing concerning 
organization, buying, inventories, etc. utiliz- 
ing the latest computer equipment. 


STEPPER MOTORS DIVISION: 
Producing an incremental rotation, bi-direc- 
tional motor for missiles and automation. 


CHICAGO ENGINEERING DIVISION: 
Theoretical study group solving problems in 
methods and procedures in electronics and 
mechanics. 


%* Send for the Brochure describing our operation in detail 


LAND-AIR, iis 


7446 W. Wil: Ave Wa Gialiaele 
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participated included Aeronutronic Sys- 
tems Inc., Lockheed Aircraft Corp., 
Boeing Airplane Co., Douglas Aircraft 
Co., Republic Aviation Corp., North- 
rop Aircraft, Inc. 

Weight and configuration of capsule- 
satellite proposals vary, depending on 
specific design concept and details, or- 
biting period, equipment for experi- 
mental observation and supplies. Repre- 
sentative payload and weight breakdown 
for a manned satellite for a 24-hr. travel 
duration in an approximately circular 
orbit at about 300-mi. altitude may be 
broadly apportioned to include 855 Ib. 
for the man and his supporting machin- 
ery, such as supplies, controls, biologi- 
cal equipment, communications, tele- 
metering; and 1,690 Ib. for capsule, 
structure and related equipment, mak- 
ing a total of 2,545 Ib. Specific figures 
relating to the manned vehicle are 
given in accompanying table (see above). 
Types of Vehicles 

Two general types of vehicles are 
likely to emerge as possible configura- 
tions for initial manned satellite: 
© Relatively wide, delta-type vehicle 
with lift characteristic supplied by over- 
all configuration or wings. Re-entry 
with this vehicle would use very shallow 
path for long, gradual letdown. Re-entry 
angle would be somewhere between | 
and 4 degrees to keep heat rate down 
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to a tolerable level. Blunt nose and 
blunt airfoil leading edge or perimeter 
sections would help reduce aerodynamic 
heating. Proper materials would facili- 
tate radiation of heat generated, and 
proper heat design would minimize 
cooling requirements, keep weight re- 
quirements down. 

Big area would be needed for landing, 
and controls probably would be pro- 
vided for slowdown in impending over- 
shoot and for boost in undershoot con- 
dition. 

Some design thinking emphasizes the 
ability to land on water because of the 
relatively vast expanse available. Oth- 
ers say this may not be feasible because 
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of difficulty in finding a large expanse 
of water sufficiently smooth to accom- 
modate a landing. 

© Ballistic missile nose cone-type con- 
figuration. This could be a — 
cal body or a blunt-nosed conical sec- 
tion. Inner capsule would be separated 
from the thick outer shell by insulation 
and air pockets. Hemispherical body 
could be stabilized by fins at the base 
tor nose-first re-entry. Conical config- 
uration could be stabilized for nose-first 
re-entry by proper disposition of weight 
in the forward section. Another scheme 
is to change capsule attitude for re-entry 
so that the base of the conical section 
points forward, presenting a higher 
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In the industry, €8g9g98"S high 
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facture of machined aircraft components 


But—have you taken advantage of 





the service available in fabricated assem- 
blies? From single test and experimental 
units to line production; from scale models 
to 9 foot diameter units, our fabrication 
division is available to serve you. 

Your problem will receive competent 
attention and prompt action. Let us hear 
from you—your trouble is our business. 


a ce : 
Gircraft BVrecision BProducts, Unc. 
8720 Northend Ave. Oak Park (Detroit) 37, Michigan 

Telephone: JOrdan 4-5830 
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drag surface constructed to absorb heat. 

This type of configuration generally 
cuts through the atmosphere at a rela- 
tively steep angle, the body heats up 
rapidly, but re-entry is accomplished 
before high heat is transmitted to the 
capsule interior because of relatively 
short time of passage. This type of 
configuration also might be made to 
enter the atmosphere at a shallow angle. 
At approach to the earth’s surface, cap- 
sule parachute could be deployed for 
easy letdown, or possibly man himself 
could be released by parachute. 

In the trajectory up into orbit, and 
in the re-entry phase, man will be 
strapped in a seat or cradle-type support 
to keep acceleration forces transverse to 
lis head so that too much blood is not 
drawn away or delivered. But in orbit it 
might be feasible for man to unstrap 
himself, some observers feel, to avoid 
excessive fatigue and make observations. 
Unstrapped, he would float free and the 
cftect would be as if he were in a “spher- 
ical canoe,” where any motion, no 
matter how slight, will affect the satel- 
lite’s orientation with respect to earth. 


Importance of Stabilization 


This underscores the importance of 
satellite stabilization to avoid any shift 
or tumbling that could seriously impair 
the functioning of man’s system. 

Various schemes are being investi- 
gated or developed to stabilize the 
satellite’s attitude with respect to earth. 
These include: 

e Reaction jets protruding from satel 
lite. 

e Double pendulum arrangement, com- 
prised of a bulge on one side of satel- 
lite itself, coupled by a viscous fluid to 
another pendulum inside the satellite. 
This is a passive type of stabilization, 
which might be used for a long-life 
satellite to conserve power. 

e Inertial wheels. This scheme would 
involve three motor-driven flywheels, 
with axes perpendicular to each other. 
Motor frames would be attached to 
satellite frame, so the satellite could be 
rotated in the desired direction by start- 
ing flywheel in opposite direction. 

More than any previous manned 
vehicle, the manned earth satellite will 
emphasize the necessity for closest co- 
ordination between human factors 
groups and engineering groups. This 
cooperation—a blending of concepts and 
requirements—will have to be initiated 
at the roots of the manned satellite 
project, so that each phase in the pro- 
gression will stress man’s efficient func- 
tioning and his safety. Members of the 
various segments of human factors 
groups will have to feed in opinion and 
data on the concept of the vehicle, de- 
sign for adaption of man to machine, 
test limits, and coordination for final 
operation. 

Because man will be functioning in a 
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relatively rigid state of confinement in 
the new out-of-atmosphere environment 
his existence will in a sense be a de- 
signed one. How man fits into the in- 
strumented and automated scheme in 
an earth-satellite is debated with ex- 
treme disagreement in scientific circles. 
Some insist that there is little point in 
carrying man because instruments can 
do a required job better. Others main- 
tain that man’s ability to make difficult 
judgments with respect to unanticipated 
data, his ability to observe, compare, 
analyze and monitor, his flexibility in 
being able to alter original plans, fit 
him for the satellite role. In any event, 
man’s curiosity and determination to 
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cope with the unknown will dictate that 
he go along on out-of-atmosphere ex- 
ploration. 

The question then resolves itself to a 
decision on what duties he should per- 
form. Opinion is that initially he will 
go along mainly “for the ride,” but as 
the implications of the manned ecarth- 
satellite are understood more fully and 
out-of-atmosphere exploration iS CX- 


tended, functions performed by man 
will be highly selective, supplying inter- 
pretation of data, follow-up action, and 
final judgments far beyond the “intel- 
ligence” capability of the vehicle's ma- 
chine components. 

Despite the extensive cabin ecology 
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Simmonds Precision Products 
ELECTRONIC @ HYDRAULIC e 


MECHANICAL 


Lightweight Pacitron Fuel Gage Systems: Fuel measurement and manage- 
ment systems incorporating latest technological improvements. Con- 
sistent reliability and dynamic progress are typified by the Load Limit 
Control, Center of Gravity Control and new True Mass Fuel Gaging 
System. Specification of Pacitron in latest military and commercial 
aircraft emphasizes Simmonds’ continued leadership. 


Simmonds SU Fuel Injection Systems: The only advanced type fuel injection 
system now in production for medium h.p. gasoline engines, the SU 
System has been proven in field tests to give economies up to 25%. 
Eliminates icing problems, gives improved cold starts. 


Precision Push-Pull Controls: Simmonds Push-Pull Controls are positive, 
precise and rugged. Capable of heavy loads and accurate operation 
under vibration, continuous cycling, temperature extremes, etc. Proved 
in millions of miles of service on aircraft engines, pressurized doors 
and specialized applications. 


Cowling and Access Latches: Heavy duty flush fitting aircraft latches for 
installation on cowlings and access panels. Two-piece toggle type, avail- 
able to fit a wide range of structural curvatures; for attachment of 


Liquid Level Sensing Systems: Working independently of the fuel gage 
system, this thermistor sensing system indicates accurately the precise 
time at which fuel, oil or other liquid goes above or below any designated 
level. It also automatically stops or starts pumps or valves to transfer 
the liquid from one tank to another. The system is rugged, has no 
tubes or moving parts, is light and compact. Operates on military air- 
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form, size jet engine, missile, rocket parts 
with GROTNES EXPANDERS & SHRINKERS 


No. 26-HV-680 HYDRAULIC No. 7-H-2652 HYDRAULIC 
EXPANDER SHRINKER 

for sizing and forming round and poly- sizes both sheet metal and heavy ring 
sided parts. Capable of expanding 12.3 sections of aluminum, alloy steel, stain- 
sq. in. of metal having a yield strength of less steel, titanium. Different models avail- 
100,000 psi. able for various requirements. 





For Additional Information write 


GROTN E GROTNES MACHINE WORKS, Inc. 


5454 N. Wolcott, Chicago 40, Iilinvis (Dept. RD) 

Machine Works, Inc. Name 
6464 N. Wolcott Ave. Position. 
Chicago 40, Ili. Company 
Address. 























Med WIGRUGRAL 


Sheet for Brazing Honeycomb 
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Braze Honeycomb Parts for 
High Temperature Service 


Flexible brazing alloys sheets are available in ten different 
Nicrobraz alloys, in .005 or .010-inch thicknesses. Flat or con- 
toured honeycomb sections can now be fabricated for 2000° F 
service. Sheet sizes up to one by six feet. Nicrobraz alloy 
sheets produce little or no diffusion when used at proper tem- 
peratures, are self-fluxing, and are made to provide the proper 
amount of alloy at the joints. Write or call for more information. 


STAINLESS PROCESSING DIVISION 
Wall Colmonoy Corporation 


19346 John R Street + Detroit 3, Michigan 
PENNSYLVANIA: Bristol! Pike, Morrisville, Pa.. CALIFORNIA: 1565 Bluff Road, Montebello, Cal 
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—TCheck Your Guidance System 
with Accurate 400-Cycle 


INVERTRON” 
AC Power Source 





The Behiman INVERTRON 
is a Completely Electronic 
Source of Stable AC Power 


Whether you need 400-cycle or other AC power, 
you will be able to perform much more accu- 
rate tests with the silent, wholly dependable 
Behiman INVERTRON. Now used by leading air- 
craft, missile, and other manufacturers through- 
out North America, INVERTRON offers power 
output ratings from milliwatts to kilowatts, 
fixed or variable freq ies from sub to 
supersonic, and accuracies to .001% according 
to model. WRITE today for further facts. 

NEW LITERATURE NOW AVAILABLE 





Tell us your power prob- 
lem. Let us show you how 
our modular construction 
techniques can provide you 
with custom _ instrumenta- 
tion at production line 
prices. 


BEHLMAWN 


ENGINEERING OM PANY 


ELECTRONICS * MECHANICS * OPTICS 
DESIGN * DEVELOPMENT * PROTOTYPE 


2911 WINONA AVENUE 
BURBANK, CALIFORNIA 


POWER AMPLIFIERS © OSCILLATORS 
FREQUENCY STANDARDS 


CUSTOM INSTRUMENTATION 
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studies on earth and those conducted at 
relatively high altitudes on reaction of 
both man and animals, many of the 
human factors answers won't be sup- 
plied unless these are obtained under 
extended true out-of-atmosphere condi- 
tions. 

Problems include: 

e Human reaction to satellite cabin iso- 
lation. Ground experiments on isolation 
involving a work and rest schedule and 
studies on “total” isolation have given 
researchers a fairly good insight to the 
psychological hazards that might be en- 
countered in space and the methods for 
combating them. “Total” isolation ex- 
periments indicate serious re | 
ical results and limited exposure capabil- 
ity to the extreme condition. Longest 
period man has withstood this type of 
isolation in Air Force experiments is 70 
hr., and even then really complete iso- 
lation cannot be simulated on earth. 
Subjecting man to cycles of work and 
rest help combat psychological effects 
of isolation. 

One important difference in simu- 
lated isolation and the condition of iso- 
lation which would be encountered in 
a manned satellite is the element of fear. 
In the grounded “space cabin” the sub- 
ject knows that, regardless of how se- 
vere or protracted the isolation, emer- 
gency relief is available immediately 
from the monitors of the experiment. 
This knowledge alone lessens the stress 
imposed by the rigors of the isolation 
trial. ; 

In the orbiting satellite, the more 
“absolute” isolation, with the absence 
of observers, newness of the environ- 
ment, knowledge that critical equip- 
ment might malfunction, and knowl- 
edge of re-entry hazards, should create 
a buildup of mental stress far more se- 
vere than any experienced in simulated 
ground trials. Even loss of radio com- 
munication, could be a telling psycho- 
logical blow. 

e Effects of prolonged weightlessness. 
Limited experiments in aircraft have 
helped researchers anticipate what phys- 


ened to precede man’s inclusion in an 
earth satellite. 

Effects of sudden burst of cosmic radi- 
ation stemming from a solar flares 
is one subject of speculation. ‘These 
large flares are comparatively rare, and 
timing for exposure may be difficult. 
Studies of one solar flare in February, 
1956, showed that 130 roentgens would 
have been received by a space crew in 
an 18-hr. period. 

Galaxy itself probably has a magnetic 
field and acts like giant cyclotron, 
speeding up charged particles from the 
sun or other stars. These particles may 
have energies of the order of 10° to 10” 
volts, would penetrate the satellite and 
may knock out a human cell without 
causing excessive a. it is believed. 
If considerable mass of shielding is in- 
terposed, the primary cosmic particles 
(hydrogen nuclei and helium nuclei) 
would be slowed and made more dan- 
gerous, it is felt, since in this slowed 
condition they would hit more mole- 
cules in the body and capsule material, 
causing more extensive damage. This 
implies that improper amount of shield- 
ing might prove catastrophic. 

Shielding will be required to cut off 
sun’s radiation in X-ray and ultraviolet 
regions of the spectrum, indicating the 
extent of cooperation and compromise 
involved in resolution of design and 
bio-technical problems. 


@ MAN IN SPACE 


Observation windows in satellites 
might introduce a dangerous condition 
in the transmission of ultraviolet rays. 
This may require mirrors to reflect the 
light to a filter to protect an observer's 
cves. 


Small Animal Studies 


Out-of-atmosphere studies with small 
animals in ballistic missile nose cones 
and non-recoverable satellites will pre- 
cede any initial launching of manned 
satellite. Mouse carried in nose cone of 
Project Able’s Thor-Vanguard second 
stage firing (AW Apr. 28, p. 37), was 
the first in series of ballistic missile 
booster tests with small animals in- 
cluded. Animals will range from micro- 
organisms up through chimpanzees be- 
fore man is sent into orbit. 

Non-recoverable satellites would af- 
ford a good opportunity to study the 
efficiency of a space cabin from the 
ecology viewpoint for periods up to 
the lifetime of satellite. Opinion is that 
it would be a challenging project to 
keep small animals alive for very ex- 
tended sriods under these circum- 
stances, « beyond dog Laika’s span in 
Sputnik II. Action of a small monkey or 
other animal, trained to get at a food 
box, will be recorded by telemetering 
or television cameras to furnish data on 
the active role of life under orbiting 
conditions. 
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The Fairchild Thinform 16mm, a small 
and rugged intermittent-type metric cam- 
era, is designed to operate under severe 
environmental conditions. 


simulated conditions.) 


CERTIFIED ENVIRONMENTAL TEST RESULTS* 
(Comera functioned properly under these 


ACCELERATION of 25 Gs on each primary axis. 
VIBRATION for resonance and cycling on each 
primory axis: 20-55 cps at .060 in. d.a. and 
55-500 cps at 10 Gs. ALTITUDE up te 100,000 
feet. TEMPERATURE from —65° F. to +150° F. 


ical and mental effects may result from 
zero gravity condition, but specific 
psychological and physiological ramifi- 
cations of weightlessness resulting from 
hours or days in an earth satellite will 
be resolved only by actual trial. This 
factor alone justifies early manned 
flights in earth satellites to pave the 
way for further exploration of space, 
some observers believe. 

e Effects of cosmic and other extra-ter- 
restrial radiation. Opinions differ on the 
extent of the radiation hazard. Experi- 
ments have been conducted with mice 
and other specimens such as yeast cells 
and fertilized eggs of sand crabs, and 
observed changes have been attributed 
to cosmic radiation. Undoubtedly this 
testing will be accelerated and broad- 


Made specifically for flight test research 
—and only 1% inch thick —the Thinform 
can be installed inside thin airfoils or, 
without pods, on outer surfaces of air- 
craft and missiles. 


SPECIFICATIONS — THINFORM 16mm METRIC CAMERA, MODEL FDTF-001 
Frome rates avoiloble: 16, 32, or 64 fps. Rote altered 100 foot ity with mini size. 
by chonging film transport unit. Speedi to 128 fps Di i magatine hed: 1% 8% «8% inches. 
under development. Weight with magazine (unloaded): 4.4 pounds. 
Magazine: quick change; ruggedized for recovery; Motor: 26v DC governed, or 115v AC 400 «. single 
heoter ipped. Film displ t design gives phase synchronous. 


Our organization designs, develops, and manufactures precision instr ts to gother and 
assess flight data. Other products include: Photographic Flight Analyzer; 35mm and 70mm 
High-Speed Rotary Prism Cameras; and the semi-automatic Data Reader. 

* Aerotest Leborotories, Inc., College Point, t. 1, — April 1958. 
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, Pa., gains data on tolerance G-loads, has had major role in X-15 program. 


Medicine Paces Man’s Flight in Space 


By Craig Lewis 

As space technology brings man 
closer to his first flight in a satellite, 
space medicine has become an in- 
creasingly vital partner in the techni- 
cal effort which will make manned 
satellite flights possible. 

The farther man travels away from 
his natural environment, the more pre- 
cisely his vehicle must be tailored to 
his physiological and psychological re- 
quirements. Thus, progress in space 
medicine paces the evolution of flight 
into the upper atmosphere and beyond 
into space. 

Despite the current controversy over 
the usefulness of man in space, it ap- 
pears certain that he will go into space 

if only out of sheer curiosity. Right 
now, human factors experts see no 
serious bars to successful manned space 
flight, and they feel the capability ex- 
ists for short-term orbital flights. Ex- 
tension of such capability in terms of 
time and distance in space flight is 
viewed as largely a hardware develop- 
ment problem. 

Space medicine came to prominence 
only when the whole space flight prob- 
lem came into focus after the first Rus- 
sian satellite was launched, but it has 
rapidly risen to the point where it is 
substantial enough to be the subject 
of competitive jockeying in both mili- 
tary and industry circles. 

Long-standing military space medi- 
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cine programs, which often starved for 
lack of funds, now get strong backing. 
And industry has seen a sudden rash of 
expansion into the human factors field 
as contract possibilities for both indus- 
try and university projects became ap 
parent. 

Actually, space medicine is more 
an extension of many older fields of 


study than a science by itself 
Much space matter of 
extending the altitude of aviation re 
search done in the past and other 
knowledge comes from such sources as 
industrial fatigue studies and Nav, 
research in submarine operations 
Part of the present body of know! 
edge stems from the brief forays man 


new 
research is a 


MOUSE with magnets attached to feet is used at Navy School of Aviation Medicine to 
study use of limbs in simulated high gravity field, movement in zero gravity. 





the entirely NEW 


Anpli-\Y. 


for large wire sizes 





FEATURES: 

e@ High Performance Nylon Insulation to provide 
continued satisfactory service life at elevated tem- 
peratures, plus resistance to ester-based oils. 


e Helical tongue design to secure maximum struc- 
tural utility at minimum weight penalty. 


e Cast insulation has formed entry ramp to pro- 
vide easy wire insertion and snug fit over standard 
AN wires. 


e Color-coding to assure proper terminal selection 
for applicable wire sizes. 


e Step-Lok Crimp to guarantee continued proper 
position of insulation with respect to terminal. 


e@ Connector designs are available in single to 
single, single to multiple and multiple to multiple 
wire accommodations. 

The A-MP Ampli-NYL Terminal is installed with the 
proven Confined “C” Crimp for maximum electrical 
and mechanical performance. Confining the spread 
of the terminal during the crimping process achieves 
more intimate contact and a homogeneous unio 
of conductor and terminal. 


Additional information is available upon request. 
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RTHUR F. “Art” MATTHEWS 
has been an invaluable mem- 
ber of the F-101 ‘““Team,” serving 
as Assistant Project Engineer 
over power plant, hydraulics, con- 
trols and landing gear. Art and 
his group displayed a high degree 
of ingenuity in solving the many 
hundreds of mechanical design 
problems encountered in ——— 
ing the F-101. He was recently 
appointed Project Development 
ngineer, and in this capacity 
monitors all development test 
programs related to the Voodoo 
airplanes. 


From one basic design has grown 
the versatile Voodoo family of jet 
fighters pictured above. First, the 
long range all-weather fighter- 
bomber F-101A, the fastest opera- 
tional airplane in the world. 
Second, the RF-101 reconnais- 
sance Voodoo, holder of three 
transcontinental speed records. 
The third member of the Voodoo 
family is the F-101B, a super- 
sonic atomic missile-carrying 
interceptor. 


MiDONNELL 7 og 


PROJECT F-101 


Our completely integrated facilities 
—all located in suburban St. Louis— 
plus our diversified activity in air- 
yeeaens helicopters, and missiles 
allows us to offer engineers a wide 
range of stimulating assignments. 
We encourage versatility in our 
engineers as well as our products. 
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has already made into the space equiv- 
alent regions of the atmosphere, such 
as the high altitude balloon flights 
made by Maj. David Simons. Another 
step into the upper atmosphere will 
be taken when the X-15 goes into its 
flight program. 

Although the X-15 is not a true space 
vehicle, the timing of its flight program 
will be helpful because of the informa- 
tion it will provide on some of the prob. 
lems involved in putting man into orbit. 
The X-15 will provide some limited 
data on weightlessness, as well as infor- 
mation on the effects of such phases 
as acceleration and re-entry. 

First true flight in space will come 
when a man is put in orbit around the 
earth, and the bulk of human factors 
work is now oriented to this task. It 
involves the specification of human 
needs and the formulation of reason- 
able human tolerances for the designers 
of the satellite. It also involves the 


study of the effect on the spaceman 
of new phenomena man will encounter. 

Before the first man goes into orbit, 
much experimentation will have been 
done with animals. Air Force and Navy 
both intend to use animals to explore 
the biological effects of space flight and 
to help prove out the operational aspects 
of satellites, including their ability to 
bring their passengers back to earth 
safely. 

While research in laboratories and 
in the near atmosphere has given space 
medicine a substantial grasp of the prob- 
lems in space flight and many of their 
solutions, major questions remain to 
be answered. They involve the effects 
of prolonged weightlessness and cosmic 
radiation, and it appears that these 
questions will have to remain largely 
unanswered until orbital flight is 
achieved. 

Most experts feel that cosmic radia- 
tion will not be a bar to space flight, 


VERTICAL accelerator at Wright Air Development Center’s Aero Medical Laboratory 
simulates re-entry buffeting. Seat moves 18 ft. up and 18 ft. down in two-thirds sec. 
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ENGINEERS 


| Positions of technical leadership 


available for: 
DESIGN ENGINEERS 


(Airplanes, Missiles and Helicopters) 


For mechanical, structural, or electrical design , 


ELECTRONIC ENGINEERS 
SYSTEMS: 


Group Leaders and Senior Electronic Engineers re- 
quired with minimum five years’ experience. Need 
men capable of establishing requirements for, and 
supervising the development of, major and sub 
electrical and electronic systems—including check 
out equipment—for missiles and airplanes. 


Flight Control! Systems Infra-red Systems 
Communications Systems Guidance Systems 
Radar Systems Navigational Systems 


CIRCUIT & PRODUCT DESIGN 


Senior and Junior Electronic Engineers needed for 
assignments in the design and development of: 


Electronic Packaging 
Beacons Airborne Digital Computers 
Airborne Radar Auto-Pilots 

Missile & Airplane Check Out Equipment 


STRENGTH ENGINEERS 
SENIOR FLIGHT TEST ENGINEERS 
WEAPONS SUPPORT ENGINEERS 
THERMODYNAMICS ENGINEERS 

SENIOR TEST ENGINEERS 
SENIOR AERODYNAMICISTS 
FLUTTER AND VIBRATION ENGINEERS 

DYNAMICS ENGINEERS 
HYDRODYNAMICS ENGINEERS 
OPERATIONS ANALYST—WMISSILES .- 


Supervisory positions exist in several of 
these areas. 


Antennas 


To secure more information about our com- ¢ 
pany and our community, please complete 
and return the coupon below: 





Address 
gO OR Sea 


a 


Mail to: Raymond F. Kaletta, Dept. A 
Technical Placement Supervisor 
P. O. Box 516, St. Lovis 3, Mo. 


-—-MACareers Are Successful Careers!-—- 
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Leader in design, development and production of proven operational 
Escape Systems, Weber offers capsule designs meeting the latest 
requirements of supersonic aircraft. These designs encompass pres- 
surized units no larger than the former ejection seats. Stabilization, 
flotation, “human factor” considerations and comfort adjustments, 
automatic parachutes, survival gear, as well as other special require- 
ments are included in the Weber designs. 

Weber has the experience, the personnel, and the facilities to handle 
your requirements for specialized escape systems, be they design, de- 


velopment, and/or quantity production. 


Weber ejection systems are in Boeing’s B47 Stratojet and B52 


Superfortress ...Cessna’s T37 Jet Trainer... Convair’s F102A Inter- 
ceptor ... McDonnell’s F101A Voodoo. 


WEBER AIRCRAFT CORPORATION 
A Subsidiary of Weber Showcase & Fixture Co., Inc. 


2820 ONTARIO STREET «+ BURBANK, CALIFORNIA 
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although some uncertainty was raised 
by reports of unexpectedly intense radi- 
ation at altitudes above 621 mi., re- 
corded by the Explorer satellites. This 
problem can probably be met with 
increased shielding, although scientists 
will have to determine the nature of 
the newly discovered radiation before 
they can specify the type and amount 
of shielding necessary. 

Much data on the effects of cosmic 
radiation has been gathered by the 
Aeromedical Field Laboratory at Hollo- 
man AFB through balloon operations. 
Specimens ranging from radish seeds 
to monkeys were sent to altitudes where 
very little of the atmosphere remained 
to screen them from radiation. No radi- 
ation effects were detected which would 
indicate a major hazard to space flight. 

Last year, Project Man High carried 

Capt. Joseph W. Kittinger to 96,000 
ft. and Lt. Col. David G. Simons to 
102,000 ft. in balloon flights. Simons 
stayed up for 32 hr., much of the time 
at 102,000 ft., and he reported no ap- 
preciable effects from radiation. 

Effect of weightlessness on man in 
space is another of the major unknowns. 
Despite experiments in which very short 
terms of zero gravity have been induced, 
the final answer will not be known until 
man has spent a few hours in the 
weightless state. 

Weightlessness has been induced at 
both Randolph AFB and Holloman 
AFB by fiving Keplerian trajectories 
with T-33 and F-94C aircraft. These 
parabolic flights produce less than a 
minute of weightlessness, and although 
a faster aircraft might double the du- 
ration of zero gravity, the time span 
is still very small. 


Test Findings 

Some of the subjects in the Ran- 
dolph flights enjoyed the sensation of 
weightlessness, other didn’t like it so 
much, and about 25% of them devel- 
oped motion sickness. Some of the 
minority who got sick eventually devel- 
oped a tolerance for zero gravity, indi- 
cating that a relatively small percentage 
of space travelers will have a natural 
sensitivity to the weightless state. 

Dr. Siegfried J. Gerathewohl, the 
scientist in charge of the Randolph zero 
gravity experiments, feels that the 
itial period of weightlessness is most 
critical because that is where adaption 
occurs. Thus, Gerathewohl thinks that 
if a pilot tolerates weightnessness in 
the beginning of a flight, the chances 
are small of long periods of this unique 
state having unforeseen effects. 

Attempts have also been made to sim- 
ulate weightlessness on the ground to 
extend study over longer periods. At 
Wright Air Development Center’s Aero 
Medical Laboratory, a platform sup- 
ported by compressed air moves indy 
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PROVEN IN SERVICE 


1923 


Two DetHevillond DH-4BM's 
achieve first mid-air refueling 


Thirty-five years ago, mid-air — was front-page news — 
today it is a commonplace occurrence, ty 
strides made by the aviation industry, 

And keeping pace with aviation's growth, Rockbestos high tem- 


pical of the tremendous 


With the oid of the mid-oir lodey a wire and cabie has earned a proven-in-service reputation. 


relyeling, two Army pilots 
stoyed aloft four doys over 
Sen Diego, California. 


ally hig h standards 
nation® S aircraft an 


oday many Rockbestos Aviation wires, produced to the continu- 
Ly the aviation industry, are integral parts of the 


missiles. 
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ROCKBESTOS HEATZONE AIRCRAFT WIRE 


Typical of the many Rockbestos Aviation 
Wires which cover a temperature range from 
257°F to 750°F is this Rockbestos HEAT- 
ZONE® — a 400°F wire for power, control and 
communication circuits made in accordance 
with MIL-W-7139A. it is ideal for general pur- 
pose aircraft wiring because it has excellent 


resistance to flame, molsture, gasoline, 
fungus, alcohol, grease, oi! and hydraulic 
fluids. It has high dielectric strength and ex- 
cellent flexibility at low temperatures (—55°C). 
it is especially recommended for high im- 
pedance circuits. 


For complete specifications on Heatzone and other Rockbestos aviation wires, write for 
catalog 56A. If you hove a special requirement, please send us your specifications. 


PRODUCTS CORPORATION 


mmm NEW HAVEN 4,CONNECTICUT 
NEW YORK + CLEVELAND + CHICAGO + OAKLAND « LOS ANGELES 
— PITTSBURGH «+ ST. LOUIS + DETROM + SEATTLE + ATLANTA + DALLAS 
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and gives a weightless effect on one axis. 
A more elaborate structure under devel- 
opment by Antioch College for WADC 
will suspend a man in a frame sup- 
ported on frictionless bearings. The ng 
will move in a cushion of compressed 
air; and the subject will have a weight- 
less sensation in five motions. 

Experiments have also been done in 
fluids. Man’s buoyancy is used to sus- 

end him in water to simulate weight- 
ene All of these methods produce 
some of the effects of the weightless 
state, but none produce the true effect 
of zero gravity. The subject’s internal 
organs and systems, for instance, are al- 
ways subject to gravity. 

Along with their tests of cosmic ra- 
diation, Man High flights were interest- 
ing because they employed a sealed 
capsule of the type that will have to be 
provided for man going out into space. 
The capsule has to control temperature, 
humidity and pressure within tolerable 
limits, and it has to remove carbon di- 
oxide and add oxygen to the cabin at- 
mosphere. Water and food must be 
provided, and wastes disposed of. 

Man High capsule performed the 
functions necessary for a short-term 
flight. As flight times increase, the 
capsule becomes more complex. For 
instance, on flights of a day or so, suffi- 
cient oxygen can be carried along in 
tanks. When flight times get longer, 


a self-contained oxygen system which 
removes moisture and carbon dioxide 
will be necessary. And while waste dis- 
posal and water water supply are no 
problem on a short flight, a means of 
recovering water from wastes and from 
the cabin air will have to be developed 
for longer trips. 


WADC Space Capsule 


Once the human factors experts have 
told the engineers what the cabin en- 
vironment must be like for a man in 
space, the extension of flight times is 
largely a matter of hardware develop- 
ment. Right now, the state-of-the-art 
is close to being capable of supporting 
a man in orbit for a day or two. 

Wright Air Development Center is 
contracting for a prototype space cap- 
sule which will have as much self-con- 
tained equipment in it as will be avail- 
able when it is built. This prototype 
cabin, which will bring together the 
various types of systems needed to sup- 
port a sealed environment, will be a 
research and development item, not an 
operational space cabin. 

WADC has a closed oxygen system 
under development by Air Reduction 
Sales Co. It will remove carbon diox- 
ide chemically, then remove moisture 
by cooling. New oxygen is added to 
the purified air, and it is pumped back 
to the man. This system, which com- 


bines known principles, has been de- 
veloped to a container size where it can 
be strapped on a man’s back. 

Air circulating through the system 
could be used to cool the space man 
by circulating it through his suit. This 
system won't work in the weightless 
state because the water cooler uses a 
gravity feed, but work is being done to 
adapt it to use in zero gravity. 

One possibility for a considerably 
more sophisticated cabin system lies 
in the use of photosynthesis. Using this 
principle, researchers at the USAF 
School of Aviation Medicine at Ran- 
dolph AFB have kept mice alive in a 
closed system for several days. The sys- 
tem depends on the ability of algae 
exposed to light to absorb carbon diox- 
ide and produce oxygen. 

Since the algae grow, they may be har- 
vester for food, and since they need nu- 
trient, human wastes may be processed 
to nourish them. Thus a_ photosyn- 
thetic system could perform a variety 
of functions. At this stage, such a gas 
exchange system is entirely too crude 
and unwieldy to operate in a space ship, 
but it holds promise for future flight 
phases when ships may go into space 
for weeks or months. 

Pressure suits become more and more 
important as altitude increases, and 
lightweight suits recently developed by 
the Air Force and Navy are significant 
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steps toward efficient space travel. The 
space man will need a suit he can work 
and live in comfortably, and this means 
that more improvements will have to 
be made as flight times are increased. 

Ultimate in suit capability will be the 
ability to do something like walking on 
the moon. Before that point of explor- 
ation is reached, use of a pressure suit 
will depend on reliability of the system. 
If space vehicles achieve a high degree 
of reliability, man may be able to take 
his suit off, but he will always have one 
along with him. 

Escape from space vehicles is being 
explored, especially during the launch 
and re-entry phases. WADC is study- 
ing the effects of buffeting and oscilla- 
tion in the transverse G field in its cen- 
trifuge, and further studies will be 
made in the larger Navy centrifuge at 
Johnsville, Pa. 

Escape while traveling in space is a 
different problem. Leaving a space 
vehicle and returning to earth would 
require another space vehicle with a 
propulsion system and a supply of food 
and oxygen, and it would involve the 
same problems as ordinary space flight. 

Effects of acceleration and decelera- 
tion have been studied by such means 
as Col. John Paul Stapp’s sled runs at 
Holloman and the USAF and Navy 
centrifuges. Rocket thrusts and veloci- 
ties for satellite launchings anticipated 


by human factors researchers are ex- 
pected to keep these forces within hu- 
man tolerances. 

Researchers have experimented with 
the use of water to protect man from 
the G forces of acceleration. Centri- 
fuge tests with the subject immersed in- 
side a metal container showed that arms 
and legs could be moved freely, but the 
physiological effects were about the 
same as in a G suit. Since the heart 
and lungs were encased in air and didn’t 
have the protection of surrounding wa- 
ter, chest pains developed as they would 
in a G suit. 


Fluid Method of Protection 


This fluid method for protection 
from acceleration was discussed several 
years ago by Dr. S. N. Stein, now with 
the Naval Medical Research Institute, 
in the Journal of Aviation Medicine. 
He suggested that filling the lungs with 
water with oxygen dissolved under 
pressure and properly adjusted for var- 
ious characteristics, as well as surround- 
ing the man with this water, might 
conceivably sustain life. With an in- 
compressible fluid around and within 
him, man would be better protected 
from G forces. This avenue is one that 
would require considerably more ex- 
perimentation before it could be con- 
sidered a reasonable solution 

One of the psychological problems 
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in space is the fact that it represents 
nearly a sensory vacuum, something 
man has not experienced. A key factor 
in the new space environment will 
be man’s ability to use his senses with- 
out such usual sensory aids as sound, 
scattered light and points of reference. 

Basic research in pure isolation is 
done at WADC with an anechoic 
chamber to test the effects of isolation 
and confinement on the pilot of a one 
man space ship. Subjects are confined 
in the soundproof, light-proof room 
in a state of pure isolation, then various 
stimuli, such as unpatterned sound or 
light, are introduced. 

By subjecting men to space-type 
stresses now, the isolation tests should 
also be valuable in determining what 
tvpe of man is psychologically suited 
to space flight. 

Human tolerance to heat will be an 
important consideration in space vehi- 
cle design, especially for the launch 
and re-entry phases of flight. WADC 
has tested man’s tolerances in heat 
chambers, and a new chamber, which 
will be finished this summer, will 
broaden experimental parameters. It 
will produce temperatures ranging from 
minus 50F to SO00F and will vary 
humidity, take altitude to 100,000 ft. 
and induce wind velocity up to 10 
mph. 


Navv has a human calorimeter at its 
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Bethesda Research Institute which is 
used to determine how long a man can 
stand high temperature and how fast 
he will accumulate heat to an intoler 
ible degree. Temperature in the calo 
rimeter can be controlled at levels be 
tween 35 and 180F and measurements 
made of the heat produced by the sub 
ject at each temperature, as well as 
oxygen consumption and carbon di- 
oxide production 

Calorimeter studies of heat loss rate 
and evaporation cycles can be used to 
determine ranges of environmental 

mperature where man’s requirements 
for such energy fuels as oxygen and food 
are smallest 

Probably the best publicized of space 
medicine work has been the recent 
simulated space flights in cabin simu 
lators at Randolph and WADC. In the 
Randolph experiment, a volunteer air 
man spent seven days in a sealed cap 
sule, working on psychological problems 
under a plarfned work-rest schedule. In 
the cabin, fresh oxygen was supplied 
and carbon dioxide removed, and the 
temperature was kept near 75F while 
humidity ranged between 40 and 52% 
Pressure was at the 18,000 ft. level 

At WADC, five men lived together 
in a space cabin simulator for 120 
hr., working according to preset sched 
ules on a mission which simulated or 
bital flight. In this test, the crew was 
made as comfortable as possible but was 
completely cut off from the outside 
world except for scheduled reports over 
check points involved in the mission 


Value of Simulated Flights 


Not much new is learned from these 
simulated space flights, but they have 
their value in studying the effects of 
confinement on both the isolated 
single crewman and the group of crew 
men who must work together over long 
periods. They also have the value of 
bringing a number of the psychological 
stresses expected in space flight together 
in one experiment, giving researchers 
some idea of the interrelation previously 
studied separately. 

Work cycles for space crews are one 
factor with which the space cabin 
simulators can help researchers. At 
Randolph, the subject who was alone 
for seven davs lived under a schedule of 
four hours on duty and four hours off 
While tasks imposed under this sched 
ule kept his mind occupied and elimi 
nated such problems as hallucinations, 
the cycle failed to combat fatigue, and 
proficiency fell off after the third day. 

In the WADC experiment, the crew 
members worked and rested on much 
longer time cycles. Pilot, copilot and 
flight engineer worked 16 hr. out of 24 
Yet performance remained generally 
high. For flights in space over long 
periods of time, a work-rest cycle some- 
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where between the Randolph 
WADC schedules will probably be p: 
scribed to maintain maximum perform- 
ance. 


Navy Research 


Navy has done considerable work on 
man in confined, isolated environments 
which contributes to space medicine. 
Much work along these lines has been 
done in submarine research in the past, 
and the capability of nuclear subs for 
long underwater cruises increases the 
need for such work. 

Dr. S. N. Stein of the Naval Medical 
Research Institute points out that space 
medicine and submarine medicine both 
deal with encapsulated environments. 
Evidence of this can be seen in a test 
chamber operated at the Bethesda 
Research Institute. Like the smaller 
chambers used by the Air Force in its 
simulated space flights, the Navy cham- 
ber provides a sealed environment in 
which 18 men can work and rest for 
prescribed periods 

Navy chamber has an adjacent hot 
room which can simulate an engine 
room or the hot side of a space ship. 
\ second room contains a_ shower, 
lavatory and air conditioning equip 
ment. Air conditioning system controls 
humidity, removes carbon dioxide and 
adds oxygen as it circulates air. It can 
also remove or recirculate contaminants 
generated by the crew to determine the 
effects of these contaminants on men in 
a confined environment. 

Since researchers are already working 
on nearly all the projects which can be 
done on earth, the next big step for 
space medicine will be to send biologi- 
cal specimens into orbit. Experiments 
with animals in satellites will be aimed 
primarily at studying the factors, such 
as weightlessness and radiation, which 
cannot be studied on earth. 

Both the Air Force and the Navy are 
ready to get into the satellite business 
when an official decision is made. USAI 
has animals ,at both Holloman and 
WADC. Air Force plans to train 
primates to perform tasks under ‘simula- 
tion, then send them up to see how 
thev perform under space stresses. 

'ypes of animals which go into satel- 
lites will depend to a great extent on 
weight limitations imposed by hardwar 
capability. Fligh*s are expected wit 
rodents and small primates, but eventu 
ally researchers will want to send 
primate like the chimpanzee into orb 
because he is closer to man in sizé 
well as other characteristics. 

Navy is working with both rodents 
and primates at its Bethesda facilit 
Rats are small and hardy, and the fact 
that rats have been used widely in r 
search makes it simple to assess their 
rcactions to experimental conditions. 
Navy has confined a group of rats in ex- 
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tremely small cages to determine what 
effect confinement in a satellite might 
have on them. 

One serious disadvantage rats have in 
space research is that they can’t vomit. 
Since vomiting is a symptom of radia- 
tion sickness and may result from 
weightlessness, researchers would like 
to be able to measure it. Other disad- 
vantages lie in the fact that rats are 
harder to train than primates and 
don’t have the human-type arm and 
hand structures of primates. 

One prospect for space flight Navy 
researchers are studying closely is the 
cotton-top marmoset. This monkey-like 
primate weighs only 1-2 Ib., and appears 
to have roughly the same intelligence 
as a monkey. He is trainable and ap- 
pears able to learn the psychomotor re- 
sponses needed to test discrimination 
of muscular sensation in zero gravity. 

Another prospect is the squirrel 
monkey, the smallest true monkey. This 
primate weighs 2-4 Ib., is hardier and 
probably easier to train, according to Lt. 
Robert Voas of the Bethesda Research 
Institute. He also points out that the 
squirrel monkey has been used more 
often in experiments, so more is known 
of it, and it would be easier to interpret 
measurements of the reactions. 

Use of primates in satellite experi 
ments is advantageous because of the 
degree to which they can be trained. 
Psychological effects of prolonged 
weightlessness can be measured by their 
response in orbit to the same stimuli 
thev have learned to respond to on the 
ground. Navy is moving into the train- 
ing phase with its animals. 

Before Navv would send animals into 
orbit, they would be tested in pressure 
chamber and centrifuge to get a pro- 
file of their reactions to the various 
forces they will encounter. As with 
Laika in Sputnik II, the first animals to 
go up won't come back, so it’s im 
portant to predict their life span ac- 
curately with the oxvgen and food they 
will have with them. If they die before 
this span is up, researchers will be rea- 
sonably sure thev died from some un- 
measured effect, like cosmic radiation. 

While test animals are orbiting in 
space, other animals from the saine 
group will be kept in a simulated en- 
vironment identical to that in the 
satellite. Comparing this control group 
with the animals in space helps to 
isolate space reaction differences. 

Lt. Voas points out that an even 
more precise comparison could be made 
if a control group went along in the 

satellite. The control group would be 
placed at the periphery of a spinning 
satellite where centrifugal force would 
induce artificial gravity, the experimen- 
tal group would be in zero gravity at the 
center. Thus, both groups would be sub- 
ject to the same force of acceleration, 
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radiation, temperature and all other con- 
ditions but zero gravity, and any differ- 
ences in their reactions could be pinned 
directly on weightlessness. 

While the sizes of satellites and 
boosters for biological experiments 
haven’t been officially described, it 
seems certain that they will have 
capabilities greater than those of the 
Vanguard and Jupiter-C rockets cur 
rently used in satellite launchings. Al 
though weight is a crucial factor in the 
choice of animals, researchers may want 
to send a number of small animals, 
rather than one large one, on some 
flights in order to improve their statis 
tical samples. 

While the first groups of animals to 
go into orbit are not expected to re- 
turn to earth, eventually they will have 
to be brought back safely in order to 
complete experiments on space effects. 

Telemetering capability will be an 
important link in studying biological 
specimens in space, and the Navy has 
developed considerable competence in 
this field. It has been telemetering data 
from high altitude balloon flights since 
1947 and has the equipment ready to 
go as soon as miniaturization problems 
are licked. 
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Telemetering for biological experi 
ments is different from techniques used 
in missile tests. It must be tailored to 
the job of transmitting physiological 
data. Navy can telemeter information 
on the respiratory, circulatory, digestive, 
excretory, neuromuscular, cortical and 
temperature regulating systems. Tele 
metry will return 18 pieces of data, and 
FM/FM telemetering systems now used 
on missiles could be adapted to medical 
use and provide data on 96 channels 

Importance of getting complete data 
on the first orbit is stressed by Capt 
Norman L. Barr, chief of Navy's avia 
tion and space programs. He notes that 
chances of a man dying in a satellite 
are most critical in the first orbit. And 
on the first flight, man may only stay 
up for one orbit. Barr says that ships 
and Minitrack stations can be oriented 
to get complete data on this first 
orbit 

Use of a telemeter-telephone system 
developed under Captain Barr's direc 
tion can aid in speedy gathering of data 
from orbiting satellites. Telemetered in 
formation can be relaved from ground 
stations by telephone lines to a central 
data processing point, and ships can 
relay data by radio 
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FLIGHT test work on X-15 will be carried out on a special range. B-52 will release X-15 over Wendover, Utah. 





X-15, Dyna-Soar Will Put Man Into Space 


By Richard Sweeney 


With his common sense and his ability to anticipate and discriminate, 
the human pilot has insured his role in space craft, although he may serve 
predominantly as a monitor and decision maker and become part of control 


loop only in direct emergency. 


USAF, prime backer of the weapon systems that will put man into 
space, has proceeded on the basis of manned systems and projected Dyna- 
Soar, the orbital, hypersonic glide bomber, as a piloted weapon. 


Before Dyna-Soar, for which two 
Phase I study contracts have been 
awarded, can achieve technical sound 
ness, USAF’s first manned vehicle to 
piobe into space will have gathered 
much data necessary to Dyna-Soar’s 
design. 

The rocket-powered X-15 research 
air/space craft, a joint venture of USAF, 
Navy and National Advisory Commit- 
tee for Aeronautics, with NACA as 
technical director, will collect prelimi- 
nary information on: 

e Various aspects of aerodynamic con- 
trol, stability and maneuverability in 
the atmosphere, on its fringes and in 
space at hypersonic velocities. 

e Structural problems in airloads, as 
well as aerodynamic heating and accel 
crations. 

e Human factors, such as the effects of 
weightlessness for measurable periods 
effects of accelerations, performance of 
the pilot functioning in the control 
loop as well as monitoring automatic or 
semi-automatic control systems. 

e Flight techniques for re-entry and de- 
celeration, two critical areas. 
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e Materials. Although not presently 


part of the X-15 flight program, flights 
at later dates undoubtedly will involve 
various new materials and construction 
techniques. 

The X-15, designed and built by the 
Los Angeles Division of North Ameri 
can Aviation, Inc., is constructed pri- 
marily of steel. It will have a thrust/ 
weight ratio at launch of approximately 
2 to 1. Although it will carry man 
higher and faster than any vehicle pre- 
ceding it, it will not in itself represent 
any breakthroughs in aircraft design 


Proven Techniques 


Starting from the basis of proven 
techniques in all areas, X-15 is not a 
completely optimized vehicle. Where 
compromises to hold to time limits or 
safety standards which present accep- 
table risk levels were indicated, compro- 
mises were made. 

Although no radical breakthroughs 
are presented, the X-15 design does rep- 
resent very advanced concepts of proven 
design. For instance, a nickel alloy steel 





has been used as “armor” against aero 
dynamic heating, with titanium and 
stainless steel structure underneath 

X-15 configuration is basically a body 
of revolution, with triangular shaped 
blisters rounded on top running down 
each side of fuselage from just aft of 
the pilot’s compartment to the tail 
Wings project from this, as do the hori 
zontal stabilizers. Round top of the 
blister flattens toward the rear, and 
where wings, stabilizers are mounted 
All controls, plumbing and wiring from 
the pilot’s station to the powerplant 
section and control surfaces are carried 
in the blister 

Fuselage, approximately 50 ft. long, 
is integral fuel and oxidizer tank of rela 
tively thin-walled stainless steel. A sub- 
stantial circular member running longi 
tudinally along the neutral axis of the 
aircraft provides structural strength, also 
serves as a line from the fuel and oxi 
dizer tanks to the powerplant. Circular 
belt frames are used, spaced approxi 
mately 4 ft. apart, with three equal- 
spaced beams extending radially from 
center member to belt frame. Fabrica- 
tion is by welding 

Fuel and oxidizer tanks have radar 
dish shaped baffles to minimize fuel 
slosh, especially to help prevent signifi- 
cant shift of mass during periods of 
weightless flight, should a quantity of 
propellants for use at re-entry be left 
aboard unused. 

Wings are thin, supersonic profile 
and incorporate supersonic ailerons for 
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flight in the atmosphere. Trailing edges 
are blunt. Leading edges are fairly 
sharp but not so much so as those of the 
F-104. However, in relation to the 
thickness ratio, leading edges have a 
fairly large radius, resulting in a condi- 
tion resembling bluntness, to minimize 
leading edge acrodynamic heating. 

Wings are low aspect ratio. Leading 
edge is swept back but not sharply. 
‘Trailing edge is swept forward a few de- 
grees. Wing span approximates 22 ft. 

Horizonta! all-movable tail has a 
swept leading edge and 15 deg. of an- 
hedral to aid stability. Trailing edges 
are blunt. 

Vertical surfaces have a swept lead- 
ing edge and a slight forward sweep on 
trailing edges. One unique feature is 
the extreme bluntness, with trailing 
edge of both upper and lower surfaces 
12 in. across. Top half of the vertical 
stabilizer rotates for acrodynamic con- 
trol, similar to the Bomarc missile. Ven- 
tral fin has no moving portion, and is 
jettisoned for landing. Top surface is 
approximately 5 ft. high, ventral about 
4 ft. 

Landing gear consists of two retracta- 
ble skids at rear, wheel in the nose. 

Powerplant is a 60,000 Ib. thrust 
liquid propellant rocket engine built by 
Reaction Motors, Inc. Propellants are 
anhydrous ammonia and liquid oxygen, 
although changes can be made to other 
combinations should the plane’s mis- 
sion be changed. 

Propellants are pressure fed to the 
engine with helium used as the pressur- 
izing agent. Engine is controllable in 
the generally accepted sense of the word 
for rocket engines—that is, it can be 
throttled through about 50% of its 
power spectrum, but controls are pro- 
vided which prevent accidentally ex- 
ceeding the craft’s or man’s limitations. 

Control svstem for out-of-atmosphere 
flight consists of reaction jets, powered 
by hydrogen peroxide monopropellant, 
acting with a chemical catalvst to create 
a steam jet. Ports about 14 in. dia. are 
located on the top surface of cach 
wing for roll control and on top and 
bottom and on each side of the nose 
for pitch and yaw control. 

When the reaction controls are used 
after the main engine has been shut 
down, thev will result only in a change 
of attitude for the aircraft and not a 
change in flight path, since they will 
merely rotate the airplane about its 
center of gravity. With the main engine 
running, change in attitude and hence 
thrust direction will result in a change 
of flight path. 

Pilot display for the X-15 will be a 
well combined system based on present 
displays, although there will be differ- 
ences required by the changed frames 
of reference in out-of-atmosphere flight. 
Guidance system will be inertial, feed- 


ing data to both the automatic flight 
control system and pilot display. 

Pilot’s controls will consist of a right 
hand side stick for aerodynamic con- 
trols, since initial accelerations preclude 
effective work with the standard central! 
stick. Out of atmosphere reaction con- 
trols will be a small three-directional 
handle on the left hand console, with 
stick movement to left or right control- 
ling yaw, tilting left and right to con- 
trol roll, movement fore and aft for 
pitch. 

Cockpit area becomes an escape cap- 
sule at high altitudes, and a supersonic 
ejection seat with stabilizing vanes and 
shock wave generator for ejection at 
lower altitudes is incorporated. 

An essential part of the X-15 program 
is the pilot’s space suit. Weighing 13 
lb., it can be donned by the pilot alone, 
although he needs help attaching hel- 
met. An 11-16 back me contains emer 
gency oxygen and pressure system. Suit 
has exterior aluminized coating to re- 
flect heat in case of emergency, equiva- 
lent pressure inside equal to 25,000 ft. 
Suit was developed by David Clark Co. 
of Worcester, Mass.. in a 10-vear, joint 
USAF, Navy pressure suit program, and 
is suitable for true space flight as well 
as very high altitudes. X-15 suit is one 
of four prototypes, and allows the pilot 
freedom of movement heretofore unob- 
tainable in full pressure rigs. 

Three X-15 vehicles are being built 
in the program, one right behind the 
other. It is planned to complete and 
flight test all three vehicles as soon as 
possible, so that cach can participate 
in the research flving. All three vehicles 
are identical in all respects. 


B-52 Carrier 


X-15 will be carried to altitudes on 
the order of 40,000 ft. slung under the 
right wing of a modified B-52, since 
it is too large for the bellv-carrv used 
in the X-] and X-2 programs. Due to 
the tankage configuration and fuel svs- 
tem of the B-52, balance is no problem. 

Use of this technique, however, cuts 
down flexibility for adjustments and 
minor malfunction corrections in the 
ait, if they show up on checkout just 
prior to drop. Also, the pilot will be 
locked into his vehicle prior to takeoff. 

Over-all flight test program for the 
X-15 is being handled by a committee, 
composed of USAF and NACA, with 
the Navy maintaining liaison. 

Initial flight tests and contractor 
demonstrations will be handled by 
Scott Crossfield, North American de 
sign specialist, the first man to fly Mach 
2 and a veteran of more than 100 rocket 
flights 

His work will be limited to altitudes 
and Mach numbers already achieved bi 
others, notably, an altitude of 126,000 
ft. reached by Capt. Iven Kinchloe in 





by 
Roy E. Marquard?, 
President 


Unique among air-breathing en- 
gines, the ramjet cannot run inde- 
pendently on the ground. Because 
ramjets depend on their velocity 
through surrounding air masses for 
compression of combustion air, intri- 
cate ground test facilities must be 
provided. Marquardt has two such 
Jet Laboratories — one at Van Nuys 
in the Los Angeles area, and the other 
now being constructed on the shore 
of the Great Salt Lake near our 
Ogden, Utah, ramjet production plant. 

Our new USAF- Marquardt Jet 
Laboratory near Ogden will be an 
efficient, self-contained installation 
covering 1800 acres. Its compact, 
functional design is an engineer's 
engineering facility. Complex test 
cells, with associated instrumentation 
and computers will permit sea-level 
and altitude testing of full-size and 
test-scale models. 

In our burn test cells, high pres- 
sure air is directed over the test 
engine through subsonic, sonic a 
supersonic nozzles and exhausted 
the atmosphere. 

Professional engineers, interested 
in working in a creative engineering 
environment—utilizing the most moc- 
ern test facilities—are invited to 
investigate openings, some at a senior 
level as: 

Analysis Engineers 
Design Engineers 
Test Operations Engineers 
Instrumentation Engineers 
Electronic Engineers 
Engineering Mathematicians 
Inspection Specialists 
Engineering Planners 
For additional information contact: 
Jim Dale 
Professional Personnel 
16551 Saticoy Street 
Van Nuys, California 
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Marquardt Means Opportunity — Test 
engineers no longer need feel grounded by the lack of 
stimulating projects. At Marquardt Aircraft, the com- 
pany where an ENGINEER/BARRIER* has never existed, 
your work will span a broad range of supersonic 
propulsion problems. Look to your future by looking to 
Marquardt, today. Address your inquiries to Jim Dale, 
Professional Personnel, EN 

16551 Saticoy Street, MAYQuartsigeud « 

> ae 


Van Nuys, California. 


} 
VAN NUYS, CALIFORNIA™—— OGDEN, UTAH 


Pictured above: Leigh Dunn, Chief Engineer, Test Sub-Division 











Che Conquest of Outer Space... 


A vital factor in NATIONAL 





REPRESENTATIVES IN BALTIMORE 

















America is awake to the urgent need for 
the combined efforts of science, engineer- 


ing and industry to back up the military 
S EC U R TY in leading the way to lasting peace. 

At Westinghouse Air Arm, scientists and 
engineers . . . with more than 20 years of 
airborne electronics experience behind 
them ... are working NOW on these ad- 
vanced concepts and systems: 

Space Navigation Space Communication 

Space Flight Control Space Guidance 

Space Armament Space Reconnaissance 
For information on Air Arm’s Space Sys- 
tems Engineering Group, write: Air Arm 
Division, Westinghouse Electric Corpora- 
tion, P.O. Box 746, Baltimore 3, Mary- 
land, or contact your nearest Air Arm 





representative. J-86000 


Westinghouse 


AIR ARM 


DIVISION 
BALTIMORE 


You CAN BE SURE...iF ITS West nghouse 
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4 Newest in the Cherry 
§ High Clinch Rivet Line 3 


bal » 4 


All of the established Cherry High 
Clinch features are now in the “800” 
Monel rivets: 

(1) high clinch; (2) positive hole 


New design concepts are possible 
with the complete line of Cherry 
High Clinch rivets. Smaller fas- 
teners—stronger materials—a com- 
plete range of temperature and 
strength applications suited to 
your problems. The new Cherry 
“800” in Monel, the ““700” in alu- 
minum, and the ‘600’’ high- 
strength, high-temperature rivet 
*Patents issued and pending 


bt 


fill; (3) wide grip range; (4) uniform 
stem retention; (5) positive inspection 
—which now includes grip length 
stamped on rivet head. 


in A286 stainless steel give you a 
complete selection—all in the same 
proved Cherry High Clinch con- 
figuration*. 

For technical data on the new 
Cherry “800” Monel and other 
Cherry High Clinch rivets, write 
Townsend Company, Cherry 
Rivet Division, P.O. Box 2157-N, 
Santa Ana, Calif. 


CHERRY RIVET DIVISION 
SANTANA, CAMFORNIA D5 
Townsend Company 
ESTABLISHED 18116 NEW BRIGHTON, PA 


In Canada: Parmenter & Bulloch Manufacturing Company, Limited, Gananoque, Ontario 
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the X-2 and the approximate 2,100 
mph. achieved by Capt. Milburn Apt 
on the ill-fated last flight of the X-2. 

North American has, however, de- 
signed a machine which, with minor 
modifications, is capable of orbiting 
flight, and the company has made a 
number of proposals to accomplish such 
work with the vehicle. With the varia 
tions available in boosters and in pos- 
sible propellant combinations for the 
X-15, the company’s proposal for Dyna 
Soar probably is based on the X-15 it- 
self or an extension of it. 

Flying the X-15 for USAF’s Air 
Force Flight Test Center at Edwards 
AFB will be Capt. Iven Kinchloe, who 
participated in the X-2 program, and 
Capt. Robert White and Capt. Robert 
Rushworth. 

First NACA pilot in the program is 
Joseph Walker, with Neil Armstrong 
as backup. Jack McKay also will par- 
ticipate. All are research pilots at High 
Speed Flight Station at Edwards, which 
is the prime NACA group working on 
the program. 


Different Procedure 

With the X-15, a different procedure 
will be followed than has been custom 
ary on rocket research planes. 

Since all three X-15s will be identical 
and will follow each other into service 
rclatively closely, all three will be used 
simultaneously. Two and even three 
flights a day might be accomplished, 
using all three vehicles, or day-after-day 
flights might be made, using the 
vehicles in sequence. 

In addition, both USAF and NACA 
pilots will participate in the day-to-day 
flight investigations. It is now planned 
that while North American does first 
flight and required contractor demon- 
strations, Kinchloe or other USAF pilots 
will explore the airplane’s maximum 
speed and altitude envelope. 

Mother ship will be under USAF 
supervision and use an AFFTC pilot, 
probably Capt. John Gaul. Stanley 
Butchart, NACA research pilot who has 
regularly flown the mother ship in re- 
cent work with the X-1B and X-1E, 
probably will ride the B-52 also. 

The X-1B and X-1E, variations of 
the basic X-1 configuration, have been 
used extensively to investigate jet re- 
action controls and other X-15 design 
problems. Controls are attached to the 
X-1B, with roll jets on wingtips, pitch 
and yaw jets located in the empenage 
aiea. 

NACA pilots on the X-15 program 
will work on complete investigations, 
gathering the thousands of data points 
required for upcoming space vehicles 
and weapon systems such as Dyna-Soar. 

Flight test work will be accomplished 
at Edwards AFB, on a range specially 
laid out for this type work. Since the 
X-15 has a nominal distance-covering 
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ability of +50 mi., upper end of the 
range where the X-15 will be released 
is at Wendover, Utah. It terminates 
at Edwards, where X-15 will make its 
landings on Rogers Dry Lake. 

Range instrumentation differing 
from that of conventional facilities and 
specifically engineered to this new type 
of mission is located at Wendover, Ed- 
wards and at intermediate points in Ely 
and Beatty, Nev. Range course is such 
that flights will be over sparsely popu- 
lated desert areas. 

First flights, with the X-15 carried 
aloft just to check handling and other 
aspects of mother ship operations, 
probably will take place late this sum- 
mer, followed later by unpowered glide 
flights in which the X-15 is dropped 
to sample its low speed and landing 
characteristics. First powered flights 
are expected early in 1959. 

With the X-15, research flights will 
be in the nature of incremental ad 
vances in whatever investigations arc 
being conducted. Believing steady but 
cautious advances pay off in safety, 
(X-15s will cost several million dollars 
per copy, not counting the amount of 
research and development that went 
into them) and yiclds better data as 
well, NACA wants to advance the pro- 
gram as fast as possible consistent with 
all other factors. 

And while X-15 investigations may 
help such programs as the B-70 and 
l'-108 to some degree, Dyna-Soar prob- 
ably will be built on sound technical 
data derived very largely from X-15 
flight test work. 

With today’s knowledge, several ap- 
proaches are possible to the manned, 
orbital, hypersonic glide bomber. 

Although USAF specifications on 
which Dyna-Soar bids were submitted 
probably were very general, combining 
an orbital bomber and hypersonic 
boost-glide tvpe vehicle would offer sev- 
cral advantages, such as dual mission 
capability, flexibility. 

Some generalizations on problems in- 
volved in Dyna-Soar would include: 

e Unless a highly accurate control sys- 
tem is devised, an orbiting bomber 
would have to be extremely closely pre- 
programmed to follow a useful flight 
path. 

eWay to successfully dispatch the 
weapon from the bomber would have 
to be found. 

e Orbiting vehicle would be extremely 
vulnerable in a fixed path and an ade 
quate defense system would have to be 
developed. 

It is quite possible that the control 
and vulnerability problems led to the 
dual role of orbital, hypersonic glide 
vehicle. For the glider, departing from 
orbit essentially replaces ground launch, 
and greater flexibility is obtained in 
leaving orbit with a global range (11,- 
000 naut. mi.) hypersonic glide bomber, 
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You Get 


MORE POWER—Less Weight 


with the New 
CHERRY G-85 


The new Cherry G-85 lockbolt gun 
is designed to give you maximum 
pulling power with less weight. Its 
simplified rugged construction as- 
sures low maintenance costs. The 
gun weighs only 10.5 pounds, which 
reduces operator fatigue. 

No special air supply is required 
with this lightweight gun, because 
it develops this high capacity at 
norma! line pressure. 

As the leader in the field of special 
aircraft fasteners, Cherry Research 


*Licensed under Huck patents #£22,792; 2.114.493 


Lockbolt Gun 


and Development department has 
produced this new lightweight, 
high capacity gun to increase the 
efficiency of installing lockbolts.* 
The G-85 gun may be adapted for 
setting stainless steel, monel, alu- 
minum and carbon steel Cherry 
blind rivets. 

For information on the new 
Cherry G-85 gun write Townsend 
Company, Cherry Rivet Division, 
Post Office Box 2157-N, Santa 
Ana, California. 

2,527 307; 2,531,048; 2,531,048 and 2,754,703 


CHERRY RIVET DIVISION 
SEs aaron 


‘Townsend 


Company 
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LEONARD PNEUMATIC REGULATORS 





HAVE UNIQUE BALANCED 


METERING VALVES TO INSURE 





Your inquiry 
is invited regarding: 
Wallace O. Leonard, Inc. 


CONSTANT FLOW VALVES SHUTTLE VALVES 373 South Fair Oaks Avenue 
Pasadena, California 





c J Telephone SY camore 2-7131 
CHECK VALVES REGULATORS TWX Paes Cal 7231 


° © 


FLOW RESTRICTORS PRESSURE SWITCHES 





Shur-Lok has a fastener for every Honeycomb 
or Sandwich Panel problem. Check Shur-Lok SL2 SERIES* 
first and enjoy the resourcefulness of our engi- A snap-in, self-aligning, 
SL1 SERIES* 


A molded-in insert for sandwich structures with 
a self-locking feature on its internal threads, 


neers who actually developed most of the fast- molded-in insert for sand- 

eners used in Sandwich Panels. wich structures with a 
self-locking feature on its 

Fasteners, too, must be upgraded to meet the internal threads. 


special requirements imposed by higher tempera- 


tures and projected speeds of 2000 miles per W , 
hour or more. Shur-Lok engineers with two SL59 i 
decades of know-how can help solve your SERIES* He 
fastener problems. 
: ; : . : Spacer for various attachments. It will 
Our experienced engineering staff is at your dis- distribute shear and prevent crushing of 


posal. Write for information on other Shur-Lok sandwich material. SM SERIES 

fasteners. New two-piece honeycomb spacer. The only 
‘ 5 | spacer not depending on selective fit of parts 

Exclusive Canadian Representative: SL21 SERIES* for assembly. et r 

Railway & Power Engineering Corp., Ltd. **Kwiko"’ honeycomb 


Montreal, Quebec spacer. A lightweight, low 
cost, two-piece spacer for 


SHUR-LOK corPORATION ites’: 
879 S. East Street Anaheim 2, California 
roo HT SCO#S124 SERIES" 


“Kwiko” peasgesas in- 
| Name sert. Lightweight, low 


cost, two-piece, threaded, SS SERIES 





CC self-locking insert. . Spacer stud. A weight saving spacer with integral 
stud permitting easy attachment of members. 











Firm ——— 


er a RRR ae ree SK SERIES* SL7 SERIES 
“Shur-Klinch’’ Spacer, A high shear strength er nut for 
City Zone State Lightweight, low cost, sandwich structures. Prevents col- 





two-piece, shear type lapse of honeycomb materials. Has 
Here is a drawing. : 
What fastener would you suggest? honeycomb spacer. self-locking feature. ; 
Please send me additional information Shur-Lok Honeycomb and Sandwich Fasteners ilab! ee 
on in a wide range of materials and sizes. FOR 


se ee oct ey chs ¥ i | ks a FIC ORI CL HE REE ee 
« ee fe i Owe . - a te 
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since corrections for slight errors can 
be accomplished. 

Another aspect is that while func- 
tioning in orbit, the vehicle could, if 
suitably equipped, perform the recon- 
naissance mission. 

As a weapon delivery system, hyper- 
sonic glider would have a greatly les- 
sened defense problem, once orbit is 
left. 

On the other side of the coin is the 
fact that for a ground launch and purely 
hypersonic glide bomber, either launch 
could be effected with lower total gross 
weights, or else additional payload 
could be carried if the booster used is 
the same one which starts the vehicle 
toward orbit. 

Problems facing designers of hyper- 
sonic glide vehicles might include: 
© To achieve the global range, mission 
might run as long as two hours in the 
atmosphere, result in steady state heat- 
ing to temperatures as high as 2,300F. 
¢ To achieve a final vehicle with gross 
weight of less than 25,000 Ib., three 
stages of rocket engines would be re- 
quired for launch, the first capable of at 
least a 1,000,000 Ib. thrust, second at 
least 250,000 Ib., the third between 
25,000 and 30,000 Ib. thrust. 

e An L/D ratio of close to 5 would be 
required. 

As the satellites circle the earth 
gathering data on fringes of the earth’s 
atmosphere, space flight problems may 
appear which had not been fully ap- 
preciated previously. 

These could include effects of 
meteoric dust and particles in the abra- 
sion of structures. At the high speeds 
involved they might have severe effects 
on the aerodynamic configuration, the 
strength and thermal characteristics of 
structures over a period of time. 

It also may be possible that drag re- 
sulting from electrical fields caused by 
the sun’s radiations in the far ultra- 
violet spectrum might be encountered. 

Another area where development is 
sorely needed is in_ reconnaissance 
methods. Hypersonic speeds in atmos- 
phere generate shock waves which 
severely attenuate infrared scanning, 
radar waves, camera and other optical 
systems. There is an urgent need for 
an airborne system utilizing passive 
techniques, emitting no electromagnetic 
or other traceable and jammable radia- 
tion. 

While formidable problems remain 
to be solved there has been extensive 
work in several areas leading to hyper- 
sonic glide and orbital manned weapon 
delivery systems. 

Magnetohydrodynamics may offer 
answers to part of aerodynamic heating 
through drag and boundary layer con- 
trol, Ablating materials or even a cool- 
ing fluid system might prove feasible. 

Another approach is use of an ex- 
terior heat resistant shell, under which 
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TESTED AND PROVEN IN 
AIRCRAFT AND MISSILE RESEARCH 


UiWe RM AL 
FIRED AIR HEATERS 


Efficient, flexible and compact, THERMAL direct and indirect fired air 
heaters have proven their value in aircraft and missile test facilities. Heaters 
have been built for pressures from O psia to 1,500 psig, temperatures from 
300F to 1,900F, and air flows over 500 Ibs/sec. to simulate actual operating 
conditions for impellers, turbines, combustors and other components. 
Built around the THERMAL high velocity burner, these air heaters are 
available as either standard or custom-designed units for gas, oil or dual 


fuel firing. 


An outstanding example of the THERMAL 
design approach, the DF heat exchanger illus- 
trated, is rated at 5,000,000 BTU/hr yet can 
achieve full scale temperature changes within 
minutes. The floor space required is only 5 ft. 
square. Complete automatic controls and 
safety equipment are provided. 


FOR FURTHER INFORMATION WRITE FOR BULLETIN +105 B 


THERM™MAL 


Thermal Research & Engineering Corp. 


CONSHOHOCKEN e PENNSYLVANIA 


REPRESENTATIVES IN PRINCIPAL CITIES 


eeeeeeeecoesceseeee ee ee 


THERMAL 

alr heaters 

are used by 
these facilities 


AEROJET-GENERAL 
AIRESEARCH 
ALLISON 
AVRO AIRCRAFT 
BARBER-COLEMAN 
BENDIX AVIATION 
BOEING 
CHANCE VOUGHT 
CLIFFORD MFG. 
CONVAIR 
CURTISS-WRIGHT 
GARRETT CORP. OF 
CANADA 
GENERAL ELECTRIC 
HAMILTON 
STANDARD 
JOHN HOPKINS 
UNIV., APL 
LOCKHEED AIRCRAFT 
McDONNELL 
AIRCRAFT 
MARQUARDT 
AIRCRAFT 
MARTIN CO. 
NATIONAL REACTOR 
TESTING STATION 
NAVAL ORDNANCE 
LAB 
REPUBLIC AVIATION 
STEWART-WARNER 
STRATOS 
THOMPSON 
PRODUCTS 
WESTINGHOUSE 
WRIGHT AIR 
DEVELOPMENT 


CENTER 
ly wf 
K i 
Other Therma/ Products 


& Services: 


Gas, Oil & Combination 
Burners 

Heat Exchangers 

Air Heaters 

Gas Generators 

Submerged Combustion 

Combustion & Heat 
Transfer Equipment 
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is insulation, and under this, the pri- 
mary load carrying structure which 
could be made of today’s standard ma- 
terials of light weight. 
Edge Wa ter Additional work has been done in 
heat resistant outer structures to allow 
for thermal shock and expansion. 
ROLLED Considerable research ore possible 
aerodynamic configurations has been ac- 
complished by NACA and the results 


ww : 
widely disseminated. 
Consideration of purely aerodynamic 


factors in configurations is necessaril; 
limited due to structural requirements 
to beat the heat and propulsion require- 
ments. Even if the last stage of the 
primary propulsion system is not a part 
of the glider, the vehicle still will re- 
quire propulsion for orbit departure and 
attitude control at re-entry. 

Boosters for hypersonic glider pre- 
sent enough problems in themselves, 
but when vehicle and attendant pay- 
loads for weapon delivery also are to 
be placed into orbit, increase occurs. 

One area in propulsion which will re- 
quire the most effort will be redefini- 
tion of term “reliability,” to insure that 
when it is used it has common meaning 
to all concerned with the projects. 
W hat constitutes reliability for ballistic 
missiles does not necessarily bear much 
relation to the meaning of the word in 
connection with manned svstem. 

Although large liquid _ propellant 
rocket booster engines usually are 
thought of for such systems, solid pro- 
pellant engines also are to be con- 
sidered. However, state of development 

a in liquid rockets, with the ability to 
ACCURATE ROLLING throttle and gimbal, will continue to 
weigh heavily for these types for this 
SAVES MACHINING mission. 
And although present propellant 
combinations pose handling preblems, 
REDUCES SCRAP LOSS storable propellants are coming along 
which promise specific impulses more 
ASSURES HIGH QUALITY | than adequate for the mission. Another 
| aspect of this is that in seeking much 
higher specific impulses, the penalties 
of certain exotic propellants may well 
b > extra effo ir he ing 
Cost reduction, achieved through the use of Edge- — a aes ae Sie See 
water steel rings, is due to savings in machining A proposal for a first stage booster 
time and reduced scrap loss. Edgewater rolled rings has been made by General Electric Co 


- which is built around high thrust, 
are formed to tolerances so close that a minimum Mach 4 turbojet engines in clustess, to 


of machining is required. Weldless rings are rolled | form a very controllable, recoverable 
from solid steel blocks by a process which produces = and reusable initial stage. This system 


; : ; ; | would boost the weapon system to more 
a wide variety of cross-section shapes. Diameters WRITE for bulletin then $0.00 ft nT Mack hee. ee 
are from 5 to 145 inches. describing ing of first rocket stage. If successful, 
Edgewater Rings. it would reduce need for large, heavy 

| initial rocket engine boosters. 

A wide variety of weapons will be 
available for use with hypersonic glide 
bombers. Missiles, both guided and 
unguided and ordinary trajectory bombs 


Edgewater Steel Company could become a part of the weapon 
system, all with high yield thermonu- 
+ 


P.O. Box 478 «© Pittsburgh 30, Penna. clear warheads. 
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NOW AVAILABLE FROM Seeburg 


TYPE 2310 


TAPE RECORDING 
SYSTEM 










. Transistorized, cartridge-loaded Tape Recorder fits standard 3-inch 
panel height aircraft console opening 


check these 
outstanding 


features . Change Tape Cartridges in /ess than 10 seconds 
. Portable, desk-top Tape Reproducer 


. Tape Recorder, with Cartridge, weighs only 5% Ibs. 


. Il-hour of voice/communications recording per Tape Cartridge 


Now operational in high-performance jet aircraft 
ego 7 PDM-FM/FM-PAM-PCM 
like Grumman F9F-8P Cougars and Chance Vought F8U-1P TELEMETERING 
Crusaders, Seeburg’s Type 2310 Tape Recording System MAGNETIC RECORDING 
is the first real answer to on the spot”’ voice and communications pata wacereute 
recording anywhere manned aircraft can fly! AND HANDLING SYSTEMS 
Rader Assemblies * Audio Amplifiers « 


, : Airb & Shipboard Navigati Equip- 
by ship’s supply, the Tape Recorder of the 2310 System provides a Sein Seikdiidtientidiie teatamnnes - 


means of recording both sides of all radio communications—as well as Ferrite Core Memory Storage Systems ¢ 


instructions and other data which are not to be transmitted on the oerne panes arpa F pulsed 
Missile Electronic Units ¢ Music Systems 


Interconnected with the aircraft’s communication system, and powered 


air, but which the pilot wishes to record. The recordings are played back 
later at a ground location, thus giving an immediate, complete and 
accurate record of important data, vital information and pilot report. 


wr 
The Type 2310 Tape Recording System is another Seeburg “‘first’’ — THE 
an outstanding accomplishment in the development of a specialized CObMM 
communications system with broad application in aircraft / 


CORPORATION 
CONTRACT BDIVISION 
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operations. The next time—for the answers to your problems— 
why not see Seeburg first! 
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Eimac Ceramic Tetrodes are the Best 
Approach to the Advantages of SSB 


The growing demand on available spectrum space 
makes single sideband operation increasingly attractive 
in aeronautical communications. SSB operation allows 
the same amount of intelligence to be transmitted in 
one-half the bandwidth required for conventional AM 
transmission. Longer range is possible with greater sig - 
nal-to-noise ratio and reduction of interference from 
other signals. Reliable communication with lower aver- 
age power in the final rf stage results in substantial 
reduction in total weight and cost of SSB transmitting 
equipment. 

A modern Class AB, linear amplifier is the ideal way 
to raise an SSB signal to the desired power level with 
stability and no distortion. Zero grid drive requirement 


minimizes driver stage design problems and eliminates 
distortion from this source. The 4CX250B, 4CX300A, 
and 4CXI000A shown above are especially well-suited 
for airborne use in Class AB, operation. The 4CX5000A 
is ideal for high power ground station use. These tubes 
offer the high power gain, low distortion, and stability 
needed for Class AB, operation. And, each has perform- 
ance-proved reserve ability to handle the high peak 
powers encountered. 

Eimac ceramic design gives these tubes the com- 
pactness, ruggedness, and high reliability demanded in 
exacting aeronautical applications. 


® 


Write our Application Engineering Department for 
o copy of the technical bulletin “Single Sideband”. 
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Ecmac First with ceramic tubes that can take it 
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NAVY-MARTIN Vanguard vehicle prepared for launch at Air Force Missile Test Center, Cape Canaveral, Fla. 
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PITCH and yaw vane is unlocked on vehicle that put first Vanguard satellite into orbit. Space vehicles will use Vanguard engines. 


Vanguard Components to Get Wide Use 


By Evert Clark 


The Vanguard satellite vehicle, developed with a low priority on a small 
budget and often plagued by Congressional criticism, already has contributed 
far more to the nation’s space programs than originally intended. 


All three services have plans to use 
components of the launching vehicle in 
other spacecraft, and the vehicle can 
put more than 70 pounds into orbit as 
it exists now. 

In addition to the contributions that 
various stages will make, the vehicle 
itself also may have direct military 
applications. Dr. John P. Hagen, direc 
tor of the Vanguard project at the 
Naval Research Laboratory, has pointed 
out that “there are certain things still 
about this vehicle that we hold in a 
classified category.” 

Vanguard's second-stage Aerojet en 
gine already has been fired atop an Air 
Force Thor intermediate range ballistic 
missile booster to test re-entry, separa 
tion from the Thor booster, in-flight 
ignition and physiological effects on the 
nose cone § passenger, a mouse. 


Navy Follow-Up Program 

Navy has proposed a follow-up satel 
lite program using the Army’s Jupiter 
IRBM, topped by the upper two stages 
of Vanguard. 

Air Force’s Project Able and Project 
Bravo, test shots leading to launching 
of lunar probes, will continue to use 
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the Aerojet Vanguard engine, as will 
the lunar vehicles themselves 

Navy has proposed launching a x 
ries of satellites with payloads of 50 tu 
300 Ib. This may be the Jupiter-Van 
guard vehicle proposal or a separate 
program. 

Even without these follow-on pro 
grams, Vanguard vindicated itself last 
March 17 by putting a 6.4-in., 3.25-lb 
satellite into an orbit with a 2,513 mi 
apogee and 407 mi. perigee, and also 
orbiting the solid propellant third-stage 
Grand Central Rocket Co. engine, 
which weighed more than 50 Ib. — 

Dr. Hagen said the third-stage engine 
also can be orbited along with the 
heavier 20-in., 21.5-Ib. scientific satel- 
lites assigned to the Vanguard program. 

(he Grand Central engine has a 
high specific impulse and delivers about 
2,350 Ib. thrust. Allegeny Ballistic Lab- 
oratory, Navy-owned and _ contractor- 
operated by Hercules Powder Co.., still 
is working as an alternate source for a 
third-stage solid propellant engine 
which may be even more powerful. 

Finally, although Vanguard is a tri 
service project supporting the U.S. part 


of the International Geophysical Year 
program, work on the vehicle has been 
contracted, supervised and coordinated 
by Navy, and Vanguard might well 
part as a test vehicle in_ th 


Navy space 


play a 
early steps of a 
flight program 
Rear Adm. J. T. Hayward, Assistant 
Chief of Naval Operations for Research 
and Development, has said that Nav 
“definite” plans for future space efforts 
include putting man | 
Bureau of Aeronautics has studied th« 
use of a hypersonic glider aircraft that 
abl from a sub 


manned 


into space, am 


would be 
marine 


to operate 


Earlier Space Efforts 

Vanguard is by no means the Navy’ 
first effort in the field. It began 
participating in research and develop 
ment studies directly related to 
travel 16 vears ago, in 1942 
initial studies established the feasibilit: 
of creating a man-made earth satellit 
program. 

In 1945 the Navy proposed that a 
satellite project be initiated. The 
launching vehicle would have been 
composed of clustered rocket stages 
The Committee on Guided Missiles 
of the Defense Department's old Re 
search and Development Board rejected 
the proposal 

In June 1954, the 
Research and the 


space 


space 
Vhe S¢ 


of Naval 
Redstone 
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EVENTS 


HIGH PRESSURE NITROGEN REGULATOR 


aes 


¢ p>" Exclusive Randall Engineering Design 


*A PRICELESS INGREDIENT — DIRECTION CONTROL 


regulating inlet pressure 200-5000 p.s.i. 
outlet pressure 100-500 p.s.i. 

flow rates 0-50 Ibs. /min. 

extremely close regulation and lock up range 
integral full flow relief valve 

individual or automatic adjustments 
extremely stable for fast response 

may be used in an atmosphere of inhibited red fuming 
nitric acid 

no leakage 

wide range of fluids and gases 


REPRESENTATIVES: 

Cashin-Tipton & Associates Hal Frees 

3270 Rosecrans Street 31 East Ridge Street 
San Diego 10, California Berea, Ohio 


Willard Fox Fred Bratka 
2926 East Coldspring Lane Box 13363 
Baltimore 13, Maryland Fort Worth, Texas 
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Arsenal proposed the use of a Redstone 
ballistic missile topped by three clust- 
ered stages of Loki rockets to put a 
series of small satellites into orbit. 
First was to be a 5 Ib. sphere in a 200- 
mi. orbit, and later payloads were to 
be 10 Ib. 

Known as Project Orbiter, this sug- 
gestion was implemented and some 
components were developed, but the 
Vanguard program was to supersede it. 

When the United States decided to 
follow the international IGY com- 
mittee’s recommendation that “thought 
be given to the launching of small satel- 
lite vehicles, to their scientific instru- 
mentation and to the new problems 
associated with satellite experiments,” 
a committee of the National Academy 
of Sciences and the National Science 
Foundation studied feasibility of such 
a project and recommended to the 
White House that it be undertaken. 

On July 29, 1955 the White House 
announced that the U.S. would at- 
tempt to launch a satellite during the 
IGY (July 1, 1957 to Dec. 31, 1958) 
and said Defense Department would 
implement the construction and 
launching of the _ satellite-carrying 
rocket. One specification was that it 
be divorced from ballistic missile pro- 
grams. 

A Defense Department Committee 
on Special Capabilities studied the pro- 
posals of each service and decided, ac- 
cording to Dr. Hagen, that the pro- 
posal made by the Navy stood the best 
chance of “giving scientists the kind 
of vehicle they needed to do their 
scientific work.” 

The choice of Vanguard over orbiter 
was based primarily on payload, a criti 
cal factor if the program was to be 
scientifically useful. 


Viking Was Forerunner 


Under the leadership of the Office 
of Naval Research, Naval Research 
Laboratory was selected to implement 
the Navv’s part of the program, because 
of its experience in rocketrv and upper 
atmosphere research with the captured 
German V-2s, the Aerojet Aerobee 
sounding rockets and the highly suc- 
cessful Martin Viking program under 
NRL’s Milt Rosen. 

Viking, taking of from the V-2 de- 
sign, and powered by a_ Reaction 
Motors, Inc. engine, pioneered integral 
tankage and led to the swivelled en- 
gines and jet roll control of the Van- 
guard. It provided a 145-in. long pay- 
load section carrving 500 to 2,000 Ib. 
and its 0.80 mass ratio allowed it to 
set a number of altitude records. In 
12 firings, Vikings exceeded a 130-mi. 
altitude five times and went below 32 
mi. only once. 

The program ran from May, 1949 
to Feb. 1955 and included 41 experi- 
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FIX SAVES THREE 
DAY DELAY 


While an F4D Navy Fighter was in 
its final position on the assembly 
line at Douglas Aircraft Company's 
Torrance location not long ago, a 
nutplate was inadvertently knocked 
out in the fuel pump access door 
structure. 


oe 


Two men working three days would 
have been required to install another 
nutplate in this closed-out structure 
area since access could only be 
gained by removal of the fuel pump, 
fuel cell and adjacent plumbing. 


An urgent phone call from Douglas 
brought a Hi-Shear Rivet Tool 
Company sales engineer with a 
portable hydraulic Power Unit and 
installation Gun to the scene. After 
the Douglas ‘crew slightly enlarged 
the dimpled hole, the Hi-Shear man 
adjusted the Power Unit and Gun 
and installed a Blind Nut... in 
three minutes! 


FIND OUT HOW BLIND NUTS AND BLIND 
BOLTS CAN SIMPLIFY YOUR FASTENER REPAIRS 
— WRITE FOR COMPLETE DETAILS 


U. &. PATENT PENDING, FOREIGN PATENTS GRANTED 
ANO PENDING * TRADEMARK 


The fix was accomplished without 
removal of any equipment of 
plumbing and the F4D moved on 
schedule. Since then, Blind Nuts 
have been used for similar repairs 
at the Douglas Torrance facility. 


Hundreds of manhours and 
thousands of dollars have been 
saved by airframe manufacturers 
and airlines through the use of 
Stainless steel Blind Nuts and Blind 
Bolts to replace stripped nutplates, 
loose rivets, damaged bolts and for 
modification jobs where the 
conventional approach would 
require the removal and reassembly 
of structural and mechanical 
components. 


Y RIVET TOOL COMPANY 


24 TH TREET 


° TORRANCE CALIFORNIA 
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SPACE FLIGHT and NUCLEAR PROPULSION 


A drastic reduction in vehicle mass ratios ...substan- 
tially increased specific impulse values ...a capability 
for achieving very high speeds...these are some of 
the significant advantages that will come from the 
application of nuclear energy to space flight. 

A number of different propulsion systems have been 
proposed to utilize nuclear reactions. The simplest 
system consists of a fission reactor through which the 
propellant is passed, heated, and then expanded 
through a rocket nozzle. Fission reactors can also be 
employed as a source of energy to generate electric 
power, which in turn can be used to accelerate ions 
or charged particles, or to create and accelerate a 
plasma. And fusion reactors, when developed, can be 
used to generate electric power for the same purposes. 
In addition, in the case of the fusion reactor, there is 
the attractive possibility that the reaction energy can 
be used directly without conversion to electric power. 

The fission-powered thermal propulsion system will 
probably constitute one of the next major advances in 
space technology. As an example of the gain which 
can be achieved, consider a vehicle with a payload 
weight of about 25 tons for a manned flight to one of 
the nearer planets, landing, and returning. Powered 


by chemical rocket engines, the takeoff weight for such 
a vehicle would be 50,000 tons. But powered by a 
fission-thermal propulsion system, weight at launch 
would not exceed 500 tons...a 100-fold reduction in 
the mass ratio. Considerably greater gains are pre- 
dicted for the more advanced systems. 

Systems studies and advanced research in the appli- 
cation of nuclear energy to the requirements of space 
flight are in progress at Space Technology Laboratories. 
This work illustrates the emphasis at STL on the 
exploration and development of new concepts and 
techniques in ballistic missile and space technology. 

Both in support of its over-all systems engineering 
responsibility for the Air Force Ballistic Missile Pro- 
gram, and in anticipation of future system require- 
ments, STL is engaged in a wide variety of analytical 
and experimental research. Projects are in progress 
in electronics, aerodynamics, hypersonics, propulsion 
and structures. 


The scope of activity at Space Technology Labora- 
tories requires a staff of unusual technical breadth 
and competence. Inquiries regarding professional 
opportunities on the STL Technical Staff are invited. 


Space TECHNOLOGY LABORATORIES 
A Division of The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET *¢ LOS ANGELES 45, CALIFORNIA 
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ments in cosmic and solar radiation, TELEMETERING 
temperature, pressure, ionospheric com- 
position, photography, etc. 

Viking also became the workhorse 
vehicle for the first two Vanguard tests 
after NRL chose Martin Co. as Van- 
guard’s prime contractor. 

On Dec. 8, 1956, TV-0—also called 
Viking 13—was fired from the Air 
Force’s Missile Test Center to check 
out launching facilities at Cape Ca- 
naveral and the facilities of the 5,000 
mi. range. 

On May 1, 1957, TV-1 or Viking 
14 was used to flight-test the Grand 
Central third-stage engine. Its unex- 
pectedly high first-shot performance 
led to the use of the smaller satellite 
which became the first actually to go 
into orbit. 

“The flight of the vehicle testing the 
third-stage engine was so successful - ; : 
that we were able to change the nature HIGH POWER RF SWITCH, TYPE 1696 will switch a transmitter 
of the remaining test vehicle program,” from one antenna to another at high power levels without mis- 
Dr. Hagen said. “In place of heavy matching the transmitter for safe switching under power. This 
nose cones filled with measuring in- unit is also applicable for groumd Use. FREQUENCY RANGE: 215 
struments, we were able to use a 6-in. to 250 Mc/s (other ranges Om special order); ATTENUATION: 
sphere.” = A B girmewe i= POWER RATING: 100 —— R.F. C.W.; 

‘Following | the usual development Ad <0 approximately 2,4 ann by 414 aed ‘el hen 
problems with the General Electric 2 Ibs.; ACTUATING POWER: 6 watts D.C.; cross TALK: 27 db down 
Co.’s first stage engine, the second into unused channels SEQUENCE: Make-before-break. 


stage engine and the vehicle itself, ANTENNAS, tailored to ifi istile: reditirements. 





TV-2 was launched on Oct. 23, 1957, 
19 days after the Soviet Union orbited 
a 184.3 Ib. satellite. This vehicle con- 
tained the GE engine and dummy 
upper stages, but matched Vanguard's 
external configuration. The flight was Ss 

successful, and Vanguard was batting ate i aape ae. 

hree for three. Shortly afterward V a ce ey 

three for three. Shortly afterward Van > al Type 1231: Up to 350°F. 1231 of , aor 
guard finally was assigned top national | 9 be @t extra cost for use up te 500°F.) 
priority. Type 1273: shift of less than 3% between 70°F. 
, and 310°F. Satisfactory operation os low 





On Dec. 6 of last year, TV-3—carry ies. 73 os —40°F. 


ing a 3.25-lb. 6.4-in. sphere, rose onl, t - 
‘ ALTITUDE: I A ore hermetically sealed. 
four feet from the launching pad be Poped, AD eat ee - 


fore failure of the pressurization system 


in the first stage caused it to fall back- | 
ward and explode on the stand. Criti- 
cism of the U.S. satellite program, al- 
ready high since Sputniks I and II, 
exploded along with it. 

T'V-3 backup, the second vehicle to 
contain all three stages and a small 


satellite, was launched on Feb. 5 of DIPLEXER CAVITY, TYPE 1231 VSWR MONITOR, TYPE 1273 











S$ vear. i - >/ seco ’ - S . one * . : " . 
oe wr Mage Blip — ote Two Diplexer Cavities and This whit monitors RF Power, VSWR 
fait s 5d enced Uk tik Se _° | comprise DIPLEXER which feeds sig- | and Side-Tone amplitude and furnish- 
ail and at 60 seconds of Might the cn- | nals from 2 - 100 wast transmitters es 2 d-c voltages representing incident 
gine deflected far to the right. Stress | into a single missile antenna : and reflected power so that antenna 
caused the rocket to break and the range | Frequency Ranges: 215 t© 250 Mc/s, Measurements may be made. 
safety officer blew it up. other ranges on request; Frequency as Handling Capacity: up to 500 
: Spacing: 3 Mc min.; ‘Size and Wi; watts output to Indicator: one volt 
1958 Beta Orbits each cavity approx. 3” diam. x 4” Bominal) from 500 ohms. Frequency 
long. TRIPLEXER with characteristies ange: 100 to 400 Mc/s. Factory 


The successful orbiting of 1958 Beta | otis to Type 1231 can be supplied. ~~ calibrated at desired frequency. 


by TV~-4 last Mar. 17 has been followed 
by unsuccessful attempts to orbit 


larger satellites with TV-5 last Apr. 28 

and the first Satellite Launching Vehi- HYCON EASTERN, INC. 
cle (SLV-1) on May 26. There are five 
more SLVs in the original program. 75 Cambridge Parkway Dept. W Cambridge 42, Massachusetts 


Although the Vanguard program has 
launched a small satellite, it has not yet 








~ 
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tulfilled its mission of placing a scien- 
tific satellite, in orbit, determining the 
orbit and obtaining useful information 
from the satellite. 

After the small ball orbited, NRL 
said there was “some possibility but 
low probability of achieving four satel- 
lites in the seven tries” that then re- 
mained, “but intuitive opimon based 
on general rocket experience suggests 
that the most probable number may be 
something like two.” With five chances 
left, one successful orbit now seems 
inore likely. 

Ihe small 1958 Beta was the first 
satellite equipped with solar batteries— 
six of them, provided by Army’s Signal 
I.ngineering Laboratories and mounted 
on the surface. It-also contained two 
Minitrack transmitters, on 108 and 
108.03 megacycles, and six antennas. 

One transmitter is powered by bat- 
teries, the other by solar cells. One has 
its crystal attached to the shell, the 
other to the inner structure, so abso- 
lute temperature changes can be re- 
corded. These readings are providing 
aesign information for future satellites. 

The larger satellites are, with one ex- 
ception, 20-in. magnesium alloy spheres, 
coated with gold, chromium, silicon 
monoxide, aluminum and more silicon 
monoxide, They carry 10.75 lb. of in- 
struments, of which about 8 Ib. are 
chemical batteries. 


The exception is a 13-in. diameter 
plastic sphere to measure the earth's 
magnetic field. It also will carry a 30-in. 
inflatable aluminum sphere designed by 
National Advisory Committee — for 
Aeronautics. 

Although the shifting of some instru- 
ments to Explorer satellites, and Van- 
guard vehicle failures, continue to alter 
the program, experiments planned were 
measurements of ionization, solar as- 
pect, erosion, micrometeor impact ve- 
locity and frequency, ultraviolet and 
cosmic ray intensity, geographical dis- 
tribution of the energy received by and 
radiated from the earth and cloud pat- 
terns over the earth. 

The Vanguard vehicle weighs 22,000 
Ib. and is 72 ft. long. First stage is 44 
ft., the second 31 ft. and the third 7 
tt. 

First stage uses lox and kerosene to 
produce 27,000 Ib. thrust; the second, 
white fuming nitric acid and unsvin- 
metrical diemthyl hvdrazine and the 
third an unspecified solid fuel. Thrust 
is 2.350. 

First stage burnout comes at 142 sec. 
ind 33 mi. altitude, second at 258 sec- 
onds and 122 mi. altitude, and third at 
555 sec. and apogee altitude, usually 
programmed at about 261 mi. 

Guidance consists of a pitch pro- 
grammer, coasting time computer with 
integrating linear accelometer, Minne- 
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Machined turbine wheels, 
impellers and inducers. 
Complete 
2 dimensional 
and 3 dimensional 
duplicating 
equipment 





STanley 7-0374 
EMpire 9-5237 
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apolis-Honeywell three-axis gyro refer- 
ence system, magnetic amplifier auto- 
pilot and program timer. 

First stage is separated by six ex- 
plosive bolts. Second is separated by 
retro rockets after a rocket-powered 
turntable spins up the third stage. A 
delay fuse ignites the third stage. Nose 
cene separation is achieved by one ex- 
plosive bolt which releases a spring, 
splitting the nose cone in two parts. 

Separation of the satellite from the 
third stage is accomplished by a timer- 
actuated spring. 

Roughly speaking, a l-degree differ- 
ence in angle of injection can change 
the apogee and perigee by about 75 mi. 
If the angle remains constant but ve- 
iocity varies from that planned, the 
apogee and perigee will vary by 100 mi. 
for every 100 mph. difference. 


Tracking System, Cost 


Vanguard is tracked by the Muini- 
track radio phase comparison, angle- 
tracking system from a fence of seven 
stations roughly along the 75th mend- 
ian. These are supplemented by stations 
at Cape Canaveral, on the island of 
Antigua, and two minor stations on 
Mayaguana and Grand Turk Islands 
along the AFMTC range; and stations 
at Naval Electronics Laboratory, San 
Diego; Woomera, Australia and Oli- 
fantsfontein, South Africa. 

Optical tracking is done by a net- 
work that eventually will have 12 prime 
stations and 200 secondary stations. 
They are under the direction of the 
Smithsonian Astrophysical Observatory. 

Cost of Vanguard—$110 million—has 
been financed in this way: 

e National Science Foundation—$15$.4 
million, of which $13.4 was made avail- 
able to NRL. 

¢ Defense Department emergency fund, 
Fiscal 1956—$15.5 million. 

¢ DoD emergency fund, Fiscal 1957— 
$70.8 million. 

e Classified non-defense 
million. 

e Office of the Secretary of Defense 
contingency fund—$3.2 million. 

e Military appropriations (estimated)— 
$6.4 million. 

e Transfers from various Navy appropri- 
ations, approved by Congress—$34.2 
million. 

Considering that this money has 
financed development of a rocket vehi- 
cle that is capable of continuing scien- 
tific and military satellite experiments 
after the IGY ends, that has contrib- 
uted useful components to other space 
programs, and that may have military 
application itself, this may well be what 
Capt. A. B. Metsger, Deputy Chief of 
Naval Research, called it—‘‘the quickest 
and cheapest rocket project that has 
ever been seen . . . a bargain-basement 


job.” " 


source—$2.5 
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JUPITER-C, satellite launching vehicle for Explorer, is backed into Army Ballistic Missile Agency shop at Cape Canaveral, Fla. 
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Army Gaining Vital Space Assignments 


On Jan. 31, 1958, the Army Ballistic Missile Agency put the first United 
States satellite into orbit and thereby filed its claim to space research and 


development. 


@ Mar. 5, Agency launched Explorer II. 
Mechanical failure in ignition system 
of last stage rocket prevented satellite 
from going into orbit after good initial 
trajectory. 

e Mar. 26, ABMA launched Explorer 
Ill, successfully placing third U.S. satel- 
lite in orbit (Vanguard went into orbit 
March 17). 

@ Mar. 27, Advanced Research Projects 
Agency authorized ABMA “to under- 


take one, and possibly two, lunar 
probes” and “to launch two, and 
possibly three, earth satellites.” Satel- 


lites will be continuation of Explorer 
modifications in 


program with some 

both the satellites and in the carrier 
rockets. 

e May 2, Army awarded $2,850,000 


contract to California Institute of Tech- 
nology for research on moon project. 
Rear Admiral John E. Clark, deputy 
director of ARPA, said he hoped to see 
satellite orbiting the moon before end 
of 1958. 

Satellite will be carried by Juno mis- 
sile, probably a combination of ABMA’s 
Jupiter and components of the Van- 
guard, or other missiles. 


Project Orbiter 


The Army actually began its prepara- 
tions for the space age long betore the 
first Explorer took to the air. It was 
during the first part of 1954 that the 
initial plan began to take shape. 

Soon after the Redstone had proven 
itself in flight tests, Dr. Wernher von 
Braun, now director of ABMA’s Devel 
opment Operations Division, started 
toying with the idea of using the 200- 
mi. ballistic missile as the first stage of 
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Since then, ABMA has been given important assignments 
in the nation’s space program such as: 


a satellite carrying rocket. On top of 
the Redstone, according to von Braun, 
could be placed a rotating, cylindrical 
launcher, containing three clusters of 
small, solid propellant Loki rockets. 

The Lokis, then under development, 
were desired because of their short burn- 
ing time, about 0.8 sec. The plan was 
for the Redstone to start the vehicle on 
its trajectory. After two minutes, the 
Redstone engine would be cut off as the 
propellant tanks started to go dry. A 
few seconds later, the Redstone would 
be separated, and the last three stages 
plus the satellite would continue to 
coast upward. 


Aligned by Air Jet 


Just before the final stages reached 
the apex of their trajectory, compressed 
air jets would align the vehicle hori- 
zontally. At apex, about 200 mi. up, 
the spin-stabilized clusters of Lokis 
would be fired, in order, to bring the 
vehicle from a speed of around 6,000 
mph. to orbital velocity of 18,000 mph. 
At this point, the vehicle has no guid- 
ance, and it was believed that the in- 
cremental velocity would have to be 
produced almost instantaneously for the 
satellite to go into a circular orbit. 

This was the reason Braun 
wanted the Lokis with their very short 
burning times. Further analysis, how- 
ever, showed that the firing time wasn’t 
as critical a factor as first believed. So 
when the larger, more powerful Ser- 
geant rocket engine came along, it was 
used in place of the Loki. Adoption of 
the Sergeant significantly reduced the 
number of solid propellant rockets 


von 


needed. This, in turn, meant an easier 
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engineering job and increased reliabil 
itv, i.e. fewer chances for failure in 
flight. 

While the idea was still in the plan 
ning stage, von Braun was introduced to 
Cmdr. George Hoover of the Office of 
Naval Research. ONR wanted to in 
itiate a satellite projects based on exist 
ing hardware. It liked von Braun's ideas 
and offered to put up the necessary 
money. Maj. Gen. H. N. Toftoy, at 
that time commanding general of Red- 


—— 


ee 


SPIN “bucket” 
plorer vehicle at Reynolds Metals plant. 


and first-stage nose for Ex- 
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The digital data recording-transcribing 
system is manufactured by Honeywell 
under agreement with North American 
Aviation, Ine 


This is the Honeywell 7000 
digital data recorder-transcriber 


- .. a high-speed electronic data acquisition and transcribing system for 
handling up to 100 channels of analog data with conversion to digital form for 
data processing. 


The Honeywell 7000 is a complete multi-channel, high-speed system consisting 
of two main units—the recorder and the transcriber. The first is located at or 
near the source of data and produces the first or intermediate tape. The tran- 
scriber is generally located at the computer and produces the final tne in the 
desired computer format. 


The Honeywell 7000 is basically designed to perform these functions: 


@ Accept input information from multiple transducers. 
Scan the input signals sequentially at high speed. 
Digitize each input in turn. 
Record the digitized values on magnetic tape. 
Reproduce the original tape. 
Select predetermined portions of the reproduced data. 
Rearrange the continuous data into suitable block form for computer input. 
Record these blocks of data on another tape for direct entry into the computer. 


The Honeywell 7000 is capable of a scanning rate of 10,000 samples per second. 
Variations of the basic system are available to adapt the system to meet differ- 
ing application conditions. 


Write for information on the Honeywell 7000 digital data recorder-transcriber 
... and application engineering assistance. MINNEAPOLIS-HONEYWELL, 10721 
Hanna Street, Beltsville, Maryland. 


Honeywell 
| Fits tw Coal. 
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MAIN stage of Jupiter-C is lifted by gantry crane in preparation for launching. 


stone Arsenal and von Braun’s boss, 
agreed to supply the required Redstone 
missiles and permitted von Braun's 
group to work on the program. Thus 
Project Orbiter came into being early 
in 1955. 


Split Decision 

Project Orbiter proved to have a brief 
existence, at least officially. On July 29, 
1955, the White House announced 
that the United States would attempt 
to launch an instrumented, artificial 
earth satellite during the international 
Geophysical Year. The services were 
asked to submit proposals on the proj- 
ect. 

Army proposed Project Orbiter; the 
Navy offered what later was to become 
Project Vanguard. A top level com- 
mittee, called the Ad Hoc Committee 
on Special Capabilities, was constituted 
to judge the proposals. On Aug. 4, 
1955, Navy got the nod on a split de- 
cision because of its greater payload 
capability—anticipated at 40 Ib. as 
against 10 for Orbiter. 

Officially, the Army was out of the 
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space and satellite business. But von 
Braun and other Redstone scientists 
continued to work on the project. They 
were joined in their unofhcial effort by 
Dr. William H. Pickering, director of 
the California Institute of Technology's 
Jet Propulsion Laboratory. At the time, 
JPL was experimenting with a scaled- 
down version of the Sergeant missile, 
which Pickering recommended to von 
Braun in place of the Lokis. 

Then, in October 1955, the Army 
received authorization for the develop- 
ment of the Jupiter IRBM. To carry 
out the program, the Army would need, 
among other things, a re-entry test 
vehicle. This was the break von Braun 
and his group were waiting for. The 
modified Redstone which became the 
Jupiter C presented the Orbiter satel- 
lite rocket capability and at the same 
time provided re-entry test vehicle. 

The Defense Department gave von 
Braun permission to modify 12 Red- 
stones for re-entry test purposes. At 
the time, the Redstone, designed to 
carry an extremely heavy warhead, was 
only a 157-mi. range missile. It con- 
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When the Navy's new HU2K Utility Hel 
equipped with main Rotor Transmissions built by Foote Bros.—further 
evidence of the confidence placed in us and our ability to provide a 
vital component for still another important military weapon, 


Here at Foote Bros., we believe that every contribution we can make 
toward the design, development and perfection of more efficient, more 
dependable components for our country's military capability is more 
than just good business; it is an obligation and a trust we are 
privileged to bear. 





if your problem involves any phase of power transmission . . . if you 
require the highest quality precision gearing or actuating mechanisms 
for aircraft, engines, or missiles, come to Foote Bros. first. Here you 
will find the experience, skill, facilities, and high traditions of a 
proven partner to the aviation industry. 
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EXPLORER is prepared for spin test. Upper stages are rotated to 700 rpm. in check-out. 


sisted of two main parts: the body unit 
which held the guidance and control 
equipment in addition to the warhead, 
and the thrust unit which contained 
the propellant tanks and rocket engine. 

lo get the additional velocity re- 


EROSION GAUGES EXPERIMENT 


(2) 


quired for re-entry, the engineers 
lengthened the thrust unit and inserted 
larger propellant tanks. ‘This increased 
the burning time by almost 50%. 
Then, two, spin-stabilized clusters of 
scaled-down Sergeant rockets were sub- 





SKETCH BY 
CALTECH JET PROPULSION LAB 


EXPLORER Ill instruments measure cosmic ray intensity, temperature, meteor particles. 
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a competitive bid on: 
e Airframe modification and repoir 
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fabrication 
¢ Guided missile design and 
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* Military and commercial shelter 
development and manufacture 
¢ Ground support equipment design 
ond manufacture 
* Prototype design and development 
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NOW... Zero-Leak Rotary Actuator 
TORK-SEL 


FEATURING CONTINUOUS O-RING SEALING 


For many years, the manufacturers of rotary actuators have 
recognized the need for a high efficiency actuator with no in- 
ternal leakage. Because of the characteristics of the rotary 
actuator, continuous sealing has been found nearly impossible 
to achieve. 

Now, at Turbocraft, a method of continuous O-ring seal- Turbocraft will design TORK-SEL to customer specifi- 
ing has been devised and has been tested with unprecedented cations, and can offer an almost unlimited variety of 
results. TORK-SEL, a rotary actuator offering low static and presets is 100 in-ths 89 ever SO0,080 in-tos, 
dynamic friction, has a proven efficiency rating of approxi- wg ge Gaainedee. 4 eT kadiien dekcotiena, 
mately 96%, along with considerable reduction of backlash. power requirements and weight, ask a Turbocraft 

By eliminating the leakage long inherent in rotary actua- engineer about TORK-SEL NOW, or write today to 
tors, the manufacturers of TORK-SEL can now offer in- Turbocraft, 492 East Union Street, Pasadena, Calif. 
reer “x truly practical space and power-saving method of 
hydraulic actuation. 
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stituted for the body unit and, want- 
ing only a small, model nose cone, the 
Army’s new re-entry test vehicle was 
ready to go. It was called the Jupiter- 
C and with the addition of a single 
Sergeant-satellite fourth stage was to be- 
come the Explorer. 

On Sept. 20, 1956, the Army sent its 
first Jupiter-C on a 3,300-mile down- 
range trip from Cape Canaveral. Two 
more test flights followed in quick suc- 
cession, and then the rest of the Jupiter- 
Cs were put in a warehouse to gather 
dust for the following 12 months. 

When the first Russian satellite went 
into orbit on Oct. 4, 1957, Secretary 
of Defense-designate Neil H. McElroy 
happened to be visiting Huntsville. He 
asked Maj. Gen. John B. Medaris, com- 
manding general of ABMA (Army Bal- 
listic Missile Agency had been estab- 
lished at Redstone Arsenal in February 
1956), and von Braun how soon they 
could have their satellite ready for 
intmching and was told within 90 days 
of authorization. 

McElroy returned to Washington. 
lie second Russian satellite went into 
orbit November 4. On November 8, 
McElroy sent word to Huntsville, au- 
thorizing ABMA to prepare two back- 
up satellite vehicles for the Vanguard. 

There was little to do at Huntsville. 
he rockets were ready. The new liquid 
fuel, Hydyne, had already been proven 
out in full scale engine tests. (Hydyne, 
a 60-40 mixture of unsymmetrical di- 
methyl hydrazine and diethylene tria- 
mine, was actually developed by 
Rocketdyne in 1956 at the Army’s re- 
quest for a fuel more powerful than the 
alcohol normally used in the Redstone. 
It boosts the rated thrust of the Red- 
stone engine from 75,000 Ib. to 83,000 
Ib.) 

The big job during this period fell 
to Jet Propulsion Laboratory, which 
had to make the actual satellite and the 
miniaturized transmitters. Among the 
others that came into the project at this 
time were Dr. James Van Allen of the 
State University of Iowa who furnished 
the cosmic ray instrumentation and the 
\ir Force Cambridge Research Center 
which was helping with the micro- 
meteorite impact experiment. When 
these tasks were completed, Explorer | 
was ready to go. 

Secretary of Defense McElroy au- 
thorized the launching; and, on Jan. 
31, 1958, Explorer I took off into the 
night—84 days after initial (and formal) 
authorization. 

On March 5, ABMA tried and failed 
to put Explorer II into orbit. The 
Agency had better luck on March 26, 








The only 3,000 PSI compressor made 
that will deliver 10 SCFM in a 275°F 
ambient temperature enviroment 


275 WORDS ABOUT THE NEW 
CORNELIUS SERIES 309 COMPRESSOR 
... and why it may answer your requirements 


There are two important reasons why this new Cornelius compressor has 
the ability to deliver 10 SCFM in a 275°F. ambient temperature. First, this 
compressor has more than twice the cooling fin area of any compressor 
being manufactured. Second, a large, efficient air-foil type fan concentrates 
cooling power where it is needed most — on these fins and interstage tubing 
This advanced design Cornelius compressor is a 3 stage, 9 cylinder unit 
that delivers 10 SCFM to pressures of 3,000 PSI. The 309 is standard 
equipment on one of the Navy's newest, and, as yet, classified aircraft. Due 
to its cool operation, this compressor is rated for an exceptional life of 1,000 
hours. It is available with hydraulic or “AC” motor or as engine driven. 
It has an altitude rating of up to 70,000 feet 

It takes know-how to handle high temperatures and to build compres- 
sors like this. For today’s or tomorrow's aircraft or missiles requirements 
we urge you to discuss your pneumatic needs with a Cornelius sales engi- 
neer. He has the latest information concerning Cornelius Series 309 Com- 
pressors and other noteworthy developments coming your way from The 
Cornelius Company. Write us today for information about any requirement. 
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* hydraulic pumps 


placing Explorer I[l—an almost exact 
duplicate of Explorer Il—in an ex- Rhee 9 ese 
P “ : ia P ; ; . ? * pressure regulators 
tremely elliptical but scientifically re- 
warding orbit. 


All three Explorers were equipped 


* airborne air compressors . nydraulic motors 
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Finest in breathing regulators—from mask mounted 
through pressure suit and capsule controllers, global 
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as required for jet aircraft and missile applications. 
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tJ production of cryogenic valves, pressure sensing probes 


and liquid level sensors for advanced missile systems. 


ULTRASONIC CLEANING SYSTEMS 


Pioneer in the application of ultrasonics to the volume 
cleaning of parts and assemblies, Pioneer-Central is the 
first to offer a fully integrated, cabinetized type of 


ultrasonic cleaning system. 


West Coast Office: 117 East Providencia, Burbank, Calif 
Export Soles and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y. 
Canadian Affiliate, Aviation Electric Ltd., 200 Laurentien Bivd., Montreal, Que 


DAVENPORT, IOWA 


Pioneer-Central Division “Send? 


Circle Number 156 on Reader-Service Card 


@ SATELLITES 


with a high and a low power transmitter 
and instrumentation designed to meas- 
ure cosmic ray intensity, the effect of 
inicrometeorites, and internal and ex- 
ternal temperatures. Explorer I tele- 
metered this information continuous} 
on both transmitters with the result 
that much of this information was lost 
over the vast expanses where no Mini- 
track receiving nets existed. ‘To remedy 
this a miniature tape recorder was de- 
signed to go with the high power trans 
mitters in Explorers II and III. This 
recorder plays back data only upon 
radio command from the ground. 

With Explorer III, the scientists also 
decided to eliminate the four whip an- 
tennas used on I and II, substituting a 
dipole antenna in which the satellite 
itself is the antenna. Observation of 
E:xplorer I showed that the whip an- 
tennas, circling the satellite like a turn- 
stile were imparting an undesirable, 
propeller-like spin to the satellite. 

The nose cone temperature sensor 
used in Explorer I to measure aero- 
dynamic heating on ascent was left out 
of succeeding models. And one of the 
micrometeorite impact instruments (the 
spring impact microphone) in Explorer 
I was replaced by an additional cosmic 
ray measuring device in Explorers II 
and III. 

While a complete evaluation of the 
data being furnished by the Army’s 
satellites will have to wait for a later 
date, they have already provided enough 
significant information to convince 
scientists that they would be a bargain 
at twice the price. 

Among other things, for instance, 
Explorer I has demonstrated that space 
is habitable for man, at least as far as 
temperatures are concerned. Inside the 
Stainless steel satellite, temperatures 
ranged from 6C to 30C. Nor does 
micrometeorite bombardment appear to 
pose much of a hazard for future space 
flight. According to data already ana- 
lyzed, an area one square meter in size 
will encounter a particle four microns 
in diameter or larger once every 100 
sec. and a particle 10 microns or larger 
once every 1,000 sec. 

Cosmic radiation is another story 
again and could create a very serious 
problem for manned space flight. Ac- 
cording to data telemetered from 
Geiger counters aboard Explorers I and 
III, it appears that a space traveler 
would be subjected to 0.06 roentgens 
per hour, one half his weekly tolerance. 
(he data indicate that the cosmic ray 
count reaches 35,000 per second at alti- 
tudes above 1,000 mi. 

But adequate shielding, the scientists 
say, can cut radiation below human 
toleration limits. Few scientists seem 
inclined to stop their newly begun as- 
sault on space simply because of radia- 
tion hazards. * 
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PIED PIPER reconnaissance satellite will be put into orbit by Atlas plus another stage, probably a solid-propellant engine. 


Test Firings For Pied Piper Due Soon 


dividend cd 


First test firing in USAF’s greatly accelerated Pied Piper earth recon 
naissance satellite program is expected sometime this fall, although launching 
of a complete satellite is considered to be more than two years away. 

Now under direction of the Advanced Research Projects Agency, the 
program is being supported at approximately three times its pre-Sputnik 


financial level. 

Lockheed Aircraft Corp., systems con 
tractor for the WS-1]7L. which it 
calls Advanced Reconnaissance Satellite 
noject, has delegated a large part of the 
evelopment task to specialized seg- 
nents of industrv to gain time and ob 
tain the best available talent. Some 50 
ndustry compamies now are associated 
vith Lockheed in the project. 


Increased Emphasis 

Greatly increased emphasis on mili- 
tary space programs and the 
tion of ARPA, the civilian space 
nd some degree of White House direc 


interjyec 


agency, 


tion into the picture, have changed the 
iature of the Pied Piper effort consider- 
bh : 

One difference is that Piper now must 
compete with other 
programs for military 
support. 


ARPA has 


out-of atin NCTE 
and budget 


asked $152 million for 
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military reconnaissance satellite for Fis 
cal 1959 compared to $55 million in Fis 
cal 1958. It also has asked for $138.2 
million for other military space tech 
nology work that includes satellite track 
ing, monitoring, communications relay, 
meteorological reporting, and  navi- 
gational aid systems 

Piper is expected to continue to get 
strong backing from USAF’ planners 
Among the vital considerations are 
@ Soviets are working toward perfection 
of a similar satellite as an extension 
of earlier Sputnik developments (AW 
Oct. 14, p. 26). 
e Picr Piper is 
the progression of data-gathcring, earth 


a natural follow-up in 


orbiting vehicles ushered in bi 
ments with Army Explorer and Navy 
Vanguard satellites 

© Intelligence supplied by 


exper 


tem with 
reconnaissance capabilities | 
a vehicle such as Pied Piper 


ultimate transmission 
manded of an earth satellite Pied 
Piper's picture-transmitting mission be 
comes a logical, urgent goal now that 
ibility to put vehicles in orbit and 
gather environmental data has been 
conclusively demonstrated 


Funding Problems 


Estimate is that to carry out the prep 
rational and test phases leading to op 
rational status, perhaps 10 times 
much money may be required as ha 
been allocated to support Pied Pipx 
by last October, reported to be ab 
$12 million. 

Contending for 
Piper in the 
itegory are 


funds with P 
reconnaissance satellit 
Army's proposals for t 
television-equipped vehicles of approy 
nately 300 Ib. and 700 Ib.—con 
bly less than the 1 to 14 ton 
projected for.the orbiting satellite in t) 
Pied Piper system. 


Army Vehicles 


Each of the Army 
fitted with one or possibly two tel 


ve hicles would | 


information to t 
until the sate 


mecras fecdineg 


corders for storag 
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..- for missiles, aircraft 
and ground support equipment 


Evidence of Sundstrand Aviation capabilities for the 
development and production of constant frequency elec- 
trical systems for guided missiles, aircraft,.and ground 
support equipment is indicated in the following ex- 
perience record: 


¢ First airborne constant speed drive system and controls 
for 400 a-c electrical systems (B-36 in 1946). 
Drives proved by more than 4,000,000 flight operating 
hours. 
Constant frequency electrical systems prime contractor 
for Regulus Il, SAAB J-35, and the F-8U3. 
Subcontractor on systems and components for nearly all 
first-line U. S. military aircraft. 
First constant speed drive system for ordnance vehicle. 
Portable field test stands for testing of complete electrical 
power generating systems. 
Extensive R&D work in drives, pumps, motors, and high- 
re gearboxes for operation at temperatures up to 800° 

oil inlet and 1000° ambient. 


For more complete 


information, 
write today. 


SUNDSTRAND 
AVIATION 


Division of Sundstrand Machine Tool Company 
2411 Eleventh Street, Rockford, Illinois 


District Offices im: Arlington, Texas; Hawthorne, California; Rex- 
dale, Ontorio; Rockford, Mlinois; Seattle, Woshington; Stamford, 
Connecticut; Washington, D.C. 
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PROBABLE staging of Atlas and solid en- 
gine which will launch Pied Piper satellites. 


orbited within range of a ground station. 
Data then would be transmitted to the 
ground at very high speed for immediate 
use or future playback. 

Selection of either Army reconnais- 
sance satellite system or Air Force's 
Pied Piper satellite for operational use 
could be dictated by inter-service con- 
siderations and many other factors. But 
USAF’s system might be favored be- 
cause of its earlier concept and estab- 
lished program. Lockheed won the 
Pied Piper reconnaissance satellite com- 
petition in 1956 and became systems 
manager when the program was made 
firm in late summer of 1957. 

Pied Piper, with its picture-taking ca- 
pability — versions could be equipped 
with optical or TV-camera, infrared 
scanner or radar—might give rise to in- 
ternational protests against mapping a 
country’s terrain from the sky above it. 
Defense conceivably could be that the 
great altitude of Pied Piper reconnais 
sance satellite permits it to map ter 
rain from a point in the sky not over 
the protesting country’s land. 

While international ramifications of 
military satellite reconnaissance have 
not been widely discussed, considerable 
thought is being given to feasibility of 
jamming and _ defensive-retaliation 
against an earth-orbiting reconnaissance 
satellite. 

Perhaps the question of legality may 
never be raised because space travel, 
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which apparently could not be cur- 
tailed, could in its various phases give 
a view of all parts of earth. Even more 
likely possibility is the satellite stale 
mate that would result if both East 
and West established reconnaissance 
satellites in orbit before legal questions 
were answered. 

With added support—particularly to 
speed up testing program, including 
initial firings to prove out propulsion 
combinations and operation of com- 
ponents while airborne—Pied Piper satel 
lite probably will not be readied for an 
operational shoot before 1960, although 
one official projection specifies this ca- 
pability by spring of 1959. 

Manned reconnaissance satellite in- 
cluded in original planning for Pied 
Piper is likely to get less emphasis now 
that the man-in-space effort (AW April 
7, p. 26) is underway. This program 
envisions orbiting, man-carrying cap- 
sules. 

Programs will be closely coordi 
nated, and one of the final versions 
of the man-carrying capsule satellites for 
the man-in-space program might em- 
body reconnaissance features developed 
for and proved in Pied Piper orbiting 


vehicle. 
Altitude Compromise 
Orbiting altitude for Pied Piper prob- 


ably will be a compromise between rela- 
tively low heights required for reason- 
able results in scanning and higher al 
titudes conducive to longer orbiting 
periods because of less dense atmos- 
phere. 

While initial projections fixed this 
orbiting altitude somewhere between 
300 and 1,000 mi., it is believed that 
an effort will be made to maintain the 
orbit at the lower end of this spread 
Dangerous radiation band discovered 
by other satellite flights also will affect 
selection of the altitude for manned 
capsules. 

Basic configuration of Convair’s At 
las intercontinental ballistic missile is 
targeted as the booster to launch Pied 
Piper satellites. Second stage power 
plant, according to original planning, 
was to be a liquid propellant rocket 
motor but solid propellant unit prob- 
ably will be chosen to place satellite 
into orbit, and will be checked out in 
the test phase. 

Test vehicles, intended to evaluate 
components, won't await readiness of 
Atlas as a completely proven and avail- 
able booster. 

Douglas Thor intermediate range 
ballistic missile will be drafted as the 
booster for initial test phases because 
it will be relatively proven, available and 
comparatively inexpensive. 

Second stage for tests will be a solid 
propellant rocket which could be drawn 
from Aerojet-General developments for 
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ANOTHER DAMPER 


Through rigorous analysis CLEMCO has met the challenge 
of the aircraft and guided missile industry and now provides 


CLEMCO Fiutter —: 
mean fewer assem 


these industries with three basic damper sizes . . 
WHICH HAS THE GREATEST DYNAMIC SPRING 
CONSTANT, FOR ITS SIZE AND WEIGHT, EVER 
PRODUCED! 


. EACH OF 


ers have integral housing abutments which 
bly parts and extreme reliability. 


CLEMCO Flutter Dampers are light weight, rugged, simple in con- 


struction, and held to the finest of instrument tolerances to provide 
a performance tested product . . . 


*The spring which is a part of the damper and acts in series with the damping force. 


**Max. setting for optimum in-phase damping at frequencies of from 35 to 50 CPS 
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the Polaris IRBM or from Thiokol 


’ Chemical Co.’s developments in the 
a field of larger solids. Polaris solid would 
~ | seem to be favored because of Lock- 


heed’s relation to Polaris as systems 


- manager and its familiarity with pro 
pulsion development for this program. 
Other solid developments from Air 


- Force’s Minuteman program also could 

by A. N. DANIELS, President be used, with Pied Piper test shots dou- 

New Hampshire Ball Bearings, Inc. bling in service as proving vehicles for 
these solid units. 

a Probably no single Pied Piper recon- 

DYNAMIC AND STATIC LOAD RATINGS ' oo ie | naissance vehicle will incorporate more 


Load ratings of MICRO bearings are than one type of sensor for mapping— 
based on standards established by the LOAD NOMOGRAPH optical, infrared, or radar—because of 
Auti-Vristion Bearing Manufacturers | payload restrictions and complexity of 
roone woag S are the result of ex- multiple scanning systems. This means 

The “life” of an individual bearing that initial program will evaluate the 
is defined as the number of revolutions different mapping systems with a series 
the age makes before ie first of separate vehicles to determine which 
CURRED SE. SOLEUS COVES. Sane offers the greatest return in reliability 
in turn, is a function of bearing load 7 ; ; : 
and although other factors, such as and definition of ground installations. 
contamination and high temperature, : Still-changing concepts for reconnais- 
= wneny teh bearing, it is aaa 3 3 sance satellites may eventually call for 
that clean bearings running at norma several in different orbits at the same 
temperatures are being considered. ower , 

It is not possible to predict the life time, possibly with one serving to re- 
of any individual bearing. The prob- lay information from the others to the 
lem, be ner -' best epreenies by ground. 

S Re SS ee en 1 Ss To be of value in a military sense, 
dispersion curves which provide a ar ; : err 

means of determining bearing life on ; oe information generated by the surveil- 
a probability basis. That is, they per- lance systems will have to be fast and 

‘ sans » oe ens aad La . : ‘ 

my ho apy life of t pe o hed, Sc ad ee direct. Problems will include perfec- 
asian ain > i ; ro ty SSNS 

. har oun pripeere aie Fs won the tion of data links to send information 

“rating life” of a group of apparently 12 pounds, P, a straight edge crossing to receiving stations on the ground 

identical ball bearings is defined as the these two values in their respective for handling and translating. Special 

number of revolutions that 90% of the columns shows that the bearing could studies are underway relating to require- 
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roup will complete or exceed before be expecte ave a life, L 5 . . . 
& é omplete e expected to have a life, L, of 450 ments and accuracies associated with 


the first evidence of fatigue develops. million revolutions. - ; : 
This figure is approximately one-fifth “RQUIVALENT LOAD" interpretation and processing of data 
of the average life. ; Bearings whose loads are primarily obtained from various types of scanners. 
If two ey et of — porte radial are usually also subjected to A far-reaching scheme under study 
SFO FUN URCS CINE LSS Fs OES axial forces. When the axial compo- by one company for applications to a 
within normal operating range of load nent of the load is greater than a neg- ‘ vehicl 
ing and rpm, their lives L, and L, are ligible value, this combined radial and eS SS am .t ata- 
inversely proportional to the cubes of thrust load may be expressed in terms processing and evaluation system which 
so bnte, te, ee ee a rd + nee radial load in order that would permit pre-selected types of data 
NG © is that radial load w the basic load rating C may be calcu- i} ansm: -CeIVI 
: red . 4 = aoe — yt o be transmit Oo ground receivin 
of apparently identical bearings can lated. This simple radial load is known : te 4 ted a Gy + 6 
endure for a rating life of one million as the “equivalent load”, which is that | station, eliminating the considerable 
revolutions, with stationary load and constant stationary radial load which, mass of non-essential intelligence col- 
eee inner ring, Wi — ia if applied to a rotating inner ring, | lected during surveillance. Applied to a 
operating ranges, rating life for y would give the same life as that which | . on Dhan —_ ce iat cin 
load is a constant number of revolu- dha heats GEE din ender ace, | 2 stem such as Pied Piper, this scheme 
tions, so the following relationship, a tual conditions of load and rotation. would allow very discriminating ocan- 
restatement of the inverse cube pro- A formula for determining “equiva- ning to facilitate interpretation, plus 
portion, may be used to compute rating lent load” and a more comprehensive initiation of fast responsive action, if 
life when basic load rating and applied discussion of static and dynamic loads required 
radial load are known: is found in our design handbook. q - 4 er 
c\3 DESIGN HANDBOOK OFFERED FREE One important scientific category 
t= (+) You'll find this new, 70- likely to be opened by successful com- 
a nsiitaen tits ‘tn eeinaid ah iaieiiiee paue nethectattes pub- pletion of the Pied Piper project is 
where, C—basic load rating in pounds — a = oS more precise determination of factors 
applied radial load in pounds solving problems in de- . my . : 1 inne : 
The nomograph illustrated permits signing instruments or associated with controlling weather. 
the quick evaluation of any one of the small electro-mechani- Phis knowledge could have vast _Stra- 
three quantities when the other two cal assemblies. tegic implications, and probably will be 
are known. For example, if the C rat- Write to: New Hamp- broadened considerably. Results will be 
ing of a given bearing is 95 gounes. shire Ball Bearings, Inc., channeled to civilian aneacies for sesole- 
and the bearing is loaded radially with Peterborough 1, N.H. ti “ f bl : < ; P ; 
Piain Flanged Plain Piain and Shielded Flanged and Shielded oe ee —_ eo ee 
weather forecasting. 


=< } Another scientific extension of Pied 
Piper envisioned by industry researchers 
ye a is its utilization as an astronomical tool 
for observing the firmament, unhamp- 


Typical cut-away views of instrument-type retainer ball bearings. ered by atmospheric phenomena. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE) Need for this type of study was 
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Blinding Speed: 


Speed so great that existing control systems were incapable of directing its flight path 


...SO great that newer, more compact, more accurate, virtually automatic control 


systems were developed to guide the B-58, America’s first and only bomber capable 


of sustained supersonic flight. 


Today, this is an outstanding fact of the B-58 
... Sustained supersonic flight, rivaled only by 
its growth potential. This means that tomorrow, 
it will go even further. 

Growth potential in the airplane results from 
growth potential for the individual engineer. 
This, and the strong challenge to his creative 
ability, are integral parts of the new concept in 
engineering organization at Convair-Fort 


Worth that has produced such a world chal- 
lenging weapon. 

If your ambitions call for a position that pro- 
vides such growth potential for you, send a 
confidential resume of your training and ex- 
perience for consideration by engineers in the 
area most suited to your qualifications. For 
personalized handling, address your inquiry to 
Box 748A. 


CONVAIR FORT WORTH 


FORT WORTH, TEXAS 
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SYNCHROS 


115 VOLT 


MIL-S-16892 « 


SIZE11 -« 
ACTUAL SIZE 


26 VOLT 


"STOCK DELIVERY 


Primary Voltage (Nominal) 
Energizing Primary Current (Max) 
Energizing Power (Max) 
Transformation Ratio + 2% 


Max. Temp. Rise Under 
Load (Max 


No Load Temp. Rise (Max) 


Torque Gradient (Min 


Electrical Error (Max 


Receiver Error (Max) 
Electrical Error (Rotor Max) 


Stator Max) 


Synchronizing Time 30° Max 
179° Max 


Minimum Voltage Total (Max) 


Fund. Component of Min. 
Voltage (Max 


Friction Torque Max. Room 
Temp. at 3 RPM 
ZRo (Nom) 14.4 + J 107 


ZSo (Nom) 4.5 + J 19.1 


Outline Drawing 





26V 1ITR4e 


26 volts 


280 milliamps 


1.2 watts 


454 


0079 oz-in ‘deg 


14.4 + 3 107 


45+ 319.1 


AY-1104-0 











26V 11TX4e 


26 volts 


280 milliamps 


1.2 watts 


454 


0079 oz-in ‘deg 


+ 7 min 


19 millivolts 


12 millivolts 


.055 oz-in 


14.4 + J 107 


45+ 319.1 


AY-1107-0 
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10.2 volts 


155 milliamps 


35 watts 


1.154 


26 millivolts 


17 millivolts 


.055 oz-in 


19.6 + J 87.4 


16.5 + J 84 


AY-1137-0 


OTHER 
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SIZE 11 
CT4b, CX4b, TR4a, 
TX4a. 26V-CT4b 
26V-CX4a 


SIZE 15 
CX6-XN 
CDX6-XN 


SIZE 18 
CX6-XN 
CDX6-XN 


SIZE 23 

CDX4a, CT4 
CT4a, CX4a, CX4, 
TOR4a, TOX4a 
TR4, TR4a, TX4 
TX4a, CT6, CT6a, 
TR6, TR6a, CX6 
CX6a, TX6, TX6a 


SIZE 30 
TXB6-XN, 
TRB6-XN 
TXB4-XN 
TRB4-XN 


SIZE 31 
TR4a, TX4a 
TR4-XN. TX4-XN, 
TOX4-XN, 
TOR4-XN, 
TDR6-XN. 
TDX6-XN 
TR6-XN, TX6-XN 


SIZE 37 
TX4-XN, TR6-XN, 
TX6-XN, TDX6-XN 


TYPE 1 
HCT, HDG, F, HG 


TYPE 3 
HG, HDG, HCT, F 


TYPE 5 
HG, HDG, HCT, F 


TYPE 6 
HG, HDG 


West Coost Sales and Service Office, 117 East Providencio Avenve, Burbank, Californie 


Cenedion Affilicte—Aviction Electric Limited, 200 Lavrentien Bivd., Montreal, 


Quebec 


Export Soles and Service— Bendix International Division, 205 East 42nd Street, New York 17, New York 


Montrose Division Bendix” 


SOUTH MONTROSE, PA. 
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voiced recently by Dr. Hugh L. 
director of National Advisory 
mittee for Aeronautics, which would 
become nucleus of National Aecro- 
nautics and Space Agency under pend- 
ing legislation. Dr. Drvden declared 
that NASA project favored for quick 
action would be development of satel- 
lite capable of carrying in orbit a 
telescope and auxiliary television equip- 
ment required to transmit to carth pic- 
tures taken through the scope. It would 
be possible, he said, to construct a 
telescope of useful size, together with 
supporting equipment, to be carried in 
an orbiting satellite weighing approxi- 
mately a ton. Ability to observe stars 
and galaxies from space, where there 
would be no distortion caused by earth's 
atmosphere, would permit gathering of 
a wealth of new information about the 
universe, Dryden said. 

Observers close to the satellite picture 
feel that a version of Pied Piper, if 
successful, probably would be diverted 
for this tvpe of service because rela- 
tively inexpensive modification could 
fit it for this role. 


Drvden, 
Com- 


Stabilization Problem 


Stabilization will be a considerable 
problem with reconnaissance satellites. 
Proper orientation of the vehicle as it 
hurtles along its orbit will be extremel) 
important if its scanner is to view the 
ground according to pre-selected plan 
ind relay specific information. This will 
involve precise position control equip 
ment and demand on the vehicle's 
powcr source 

In its recent annual report, Lock- 
heed referred to a statement bv Maj. 
Gen: Bernard A. Schriever, 
of Air Research and Development Com- 
mand’s Ballistic Missile Division, that 
the reconnaissance satellite svstem will 
include a recoverable capsule. In addi- 
tion to the salvage capability itself, goal 
obviously would be to bring down the 
capsule in an area from which it would 
be feasible to recover it and its ex- 
pensive Ccquipment. 

In addition to weight penalty of 
returnable capsule which either cuts 
down other payload factors or increases 
the thrust requirement, recovery fea- 
tures introduce requirements for more 
space and additional complication of 
equipment, such as retrorockets and 
parachute systems and activation de- 
vices. 

Some observers say it might be more 
expedient to project the system initially 
as a non-recoverable satellite and add 
the recoverable feature later. Thev also 
expect Air Research and Development 
Command's man-in-space program to 
develop recovery techniques that could 
be funneled into a recoverable un- 
manned or manned version of Pied 
Piper. » 


commander 
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SATURN and its ring system taken with 100-inch telescope at Mt. Wilson-Palomar Observatories. 


IGY Research Into Space Continues 


By Michael Yaffee 


Neither the launching of the 2,925-Ib. Soviet earth satellite nor the 
preliminary results from our own satellite experiments has in any way altered 
the program for continuing research in outer space prepared by the Earth 
Satellite Panel of the U.S. National Committee for the International Geo- 
physical Year, according to panel chairman Dr. Richard W. Porter. 

Formally titled “Basic Objectives of a Continuing Program of Scientific 


Research in Outer Space,” the report was distributed to administration, 
congressional and military leaders last February, after panel members had 
carefully reviewed the report themselves for a year. It is intended as a guide 
for a long term program of space exploration, a program that would be a 
continuation of, and go well beyond, the comparatively limited agenda of 


the current IGY program. 

At present, copies of the report are 
still circulating throughout the govern 
ment and “getting thoughtful consider 
ation.” The report was available to 
the President’s Science Advisory Com 
mittee, headed by Dr. James R. Killian, 
Jr., and its influence was obvious in 
their study, “Introduction to Outer 
Space,” released the following month 


Basis of Planning 


In all likelihood, the satellite panel 
presentation will be the basis of plan 
ning the geophysical part of the future 
space work to be undertaken by the 
new civilian space agency, when it 
comes into being. There is little point 
in talking of implementing this pro- 
gram, Dr. Porter says, when there is 
not yet an implementing agency. But if 
nothing else, he adds, the launching of 
the latest Soviet earth satellite does 
point up the necessity of getting started 
with this program as soon as possible 

The report mentions no cost figures 
and stresses throughout the search for 
basic knowledge. “Although there will 
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be inevitable benefits of a very prac 
tical nature from such a program, the 
basic goal of this exploration must be 
the quest of knowledge about our solar 
system and the universe bevond.” The 
development of the program starts with 
the role of sounding rockets, progresses 
through earth satellite experiments, 
lunar investigations, plaifetary and in 
terplanetary exploration, and concludes 
with manned space flight. The bulk of 
the program is given over to satellite 
experiments. 

“Even when the technology of space 
flight has progressed far beyond the 
ability to put satellites in orbit and 
vehicles are being directed on helio 
centric and interplanetary 
the presentation points out, “the earth 
satellite will surely continue to be a base 
for fruitful observations.” Now, how 
ever, is when satellite-based experi 
ments can be most fruitful due to the 
almost complete lack of prior, direct 
knowledge. 

In formulating their program, mem- 
bers of the Earth Satellite Panel as- 


missions,” 


sumed that the technology of 
flight will develop gradually—the 14 
ton Russian satellite notwithstanding 
(The Russian work, to date at least 
has produced no surprise among panel 
members, according to Dr. Porter.) 
Therefore, they state, the payloads and 
the distances traveled will be relatively 
small at first; and the scientific experi 
ments and observations that go along 
with them will be correspondingly mod 
est in the early stages 

Accordingly, panel members proposed 
to divide the satellite experiments into 
two groups. First will come the “light 
weight-satellite experiments” which can 
be carried out in Vanguard-type satel 
lites, provided that the payload capa 
bility of these vehicles can be pushed 
to 50 or 75 Ib. and assuming that there 
will be a orbits than 
now allowed under the IGY program 
Later will be the elaborate “‘ad 
vanced satellite experiments,” which 
will culminate satellites 
The experiments in the second group 
will require, among other things, larger 
pavloads, stable platforms, high trans 
mission power, large information band 
width, large auxiliary power 
and recevery of packages 


space 


wider choice of 


mor;re 


in manned 


sources 


Satellite Experiments 


In the first group, the members of 
the Earth Satellite Panel have included 
the following experiments 
e Creation of visible objects 
the many things scientists want to 
know more about are air density at 
high altitudes, size and shape of the 
earth, ion density, and lunar 
Much can be learned about these un 
knowns through precise determinations 
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SYSTEMS ecccce. 


Projects of H. T. Budenbom, 
Senior Scientist, Stavid Engineering, Inc. 


Included in Mr. Budenbom’s 25 patents and numerous technical papers are his 
original contributions in monopulse development and authorship of many new 
concepts in the application of electronics to modern warfare. His experience and Airborne Search, Bombing and 
inventive talents are being applied to Stavid’s projects in weapon systems devel- Terrain Clearance Radar 
opment and missile electronics. Mr. Budenbom is one of a group of outstanding Missile Tracking Beacons 
scientists and engineers at Stavid who are working on advanced concepts... LANCE Weapon System 
years ahead of actual systems development. 


OTHER STAVID 
PROJECTS INCLUDE: 


Anti-Missile Systems 


Radar-infrared Airborne 

In Stavid’s objective engineering atmosphere, scientific, development and Fire Control System 
manufacturing teams are producing a wide range of electronic systems for all netientin Cithiiee 
branches of the military. A typical project calls for development of the high power Checkout Systems 
Radar Set AN/SPS-31. 


Ss TA V/ D ie again Ine. Plainfield, New Jersey 
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of satellite orbits. And optical tracking, 
as opposed to present radio techniques, 
is the more accurate method of deter 
mining orbits. 

Because of the limitations of present 
optical equipment, it becomes necessary 
to make the satellites more easily vis- 
ible. There are a number of ways 
to do this. The first one to be used 
will probably be a large balloon, now 
under development at the National Ad- 
visory Committee for Aeronautics. 
Made of an aluminized plastic, the 
balloon will be carried by a small satel- 
lite and automatically inflated upon 
release from the carrier. An alternative, 
which the Russians suggested they 
would use, is a flashing light on the 
satellite itself. 
¢ Total atmospheric thermal and visible 
radiation measurements. The purpose 
of these measurements, according to the 
report, is to determine the radiational 
heat budget of the earth and atmosphere 
in order to learn more about the general 
circulation of the atmosphere. Radia- 
tion fluxes can be sampled by a set of 
omnidirectional bolometers and such a 
scheme is already scheduled for one of 
the IGY satellites. 

* Mapping of the cloud cover. By 
scanning the earth’s surface with photo- 
cells, a satellite can get a picture of 
cloud patterns over a large area. This 
will throw light on the way in which 
storm systems start and develop, the 
satellite scientists say. 

e Mapping of the night airglow and 
aurorae. This experiment will be some- 
what similar to the preceding one and 
would also be important to meteoro- 
logical research. 

e Time fluctuations of solar ultraviolet 
and X-radiation. The idea here, accord- 
ing to the report, is to monitor these 
solar wavelengths over a long period, 
say for a year, for the purpose Becton 
lating the ultraviolet and X-ray inten- 
sity-time curve with weather, radio 
propagation, the ionosphere, airglow, 
winds, and so forth. A start on this 
work is being made with ICY satellites, 
containing instruments such as a photon 
counter which responds only to Lyman- 
alpha radiation. 

¢ Distribution of hydrogen in space. 
The same ionization chamber used to 
study solar Lyman-alpha radiation can 
also be used to determine the density 
of hydrogen in space, “a subject of 
much interest and speculation.” 

e Survey of celestial sources in the far 
ultraviolet. The picture of stellar mag- 
nitudes in the far ultraviolet appears 
to be different from that in the visible, 
and this picture can be more fully de- 
veloped with the aid of a satellite. 

e Extragalactic light. Satellite investi- 
gation of extragalactic light would, 
among other things, help test the hy- 
pothesis of the expanding universe 
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M-3 Arcweld Creep Rupture Tester, custom de- 
signed for labs which test smaller size specimens or 


use lighter loads. 


For accurate creep rupture testing 


choose from 8 ARCWELD models 


Wherever there’s a need for accurate, economical creep rupture test- 
ing, the answer to that need is performance-proved creep rupture 
testers from Arcweld Manufacturing Co. 

Choose from 8 compact, easy to operate, low maintenance Arcweld 
models. Capacity ranges from 6,000 to 30,000 pounds. Oversize 
Arcweld furnaces produce stable temperature up to 2,200 degrees 
maximum at no additional cost. Exclusive automatic beam leveling 
control: no matter how far the sample stretches, beam remains level. 

Other products: eight-station rotary furnace jigs for hot tensile 
testing, master control panels, twelve-furnace Universal heat treat 
units and instrument cabinets. 
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Panel Members 

Members of the Technical Panel on 
the Earth Satellite Program, U. S. Na- 
tional Committee for the IGY, National 
Academy of Sciences are as follows: 
Richard W. Porter, chairman, G. M. 
Clemence, Michael Ference, Jr., Joseph 
Kaplan, Homer E. Newell, Jr., Hugh 
Odishaw, W. H. Pickering, J. G. Reid, 
A. H. Shapley, Athelstan F. Spilhaus, 
James A. Van Allen, Fred L. Whipple. 

Other IGY groups who helped in the 
planning of this program are: Working 
Group on _ Internal Instrumentation: 
James A. Van Allen, chairman, Working 
Group on Tracking and Computation: 
W. H. Pickering, chairman, Working 
Group on Satellite Ionospheric Measure- 
ments: A. H. Shapley, (chairman). 











based on the so-called red shift. 

e Cosmic ray observations. Fairly ex- 
tensive investigations in this area are 
scheduled for IGY satellites, some of 
which have already been flown. But 
cosmic ray experimentation is like writ- 
ing a book, Dr. Porter says; you start 
one chapter and this leads to another 
and it keeps right on going. 


e Primary auroral particles. The use 


of satellites to observe these particles 
(protons, electrons, heavy particles, etc.) 
will enable scientists to correlate varia- 
tions in their intensity with solar ac- 
tivity to an extent presently impossible 


with any other means. Also, this auroral 
work is closely related to investigations 
of the geomagnetic field. 

“Indeed, it would be desirable, in 
order to obtain mutually supporting 
sets of data, to have two satellites aloft 
simultaneonsuly—one carrying a mag- 
netometer and the other carrying auroral 
radiation detectors. Eventually, it may 
be possible to have a single satellite 
carry both types of apparatus.” 

e Micrometeorites. Investigations in 
this area are designed to answer the 
many questions that the IGY satellite 
experiments are unable to cover because 
of limited equipment and operational 
time. Some of these anticipated ques- 
tionmarks, for example, are: How are 
these particles related to visible meteor 
showers? What are the fluctuations in 
total intensity? 

e Magnetic field. As much as 7% of 
the variations in the earth’s magnetic 
field are due to a variety of current 
systems in the ionosphere and above 
and cannot be accurately measured by 
ground-level surveys or by aerial recon- 
naissance, ““The ideal approach would 
be to use rockets and satellites in com- 
bination, thereby obtaining a more 
complete map of the geomagnetic field 
in three dimensions and in time.” 

@ Ionospheric observations. It is cer- 
tain, the report states, that valuable 
ionospheric experiments can be made 
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by means of satellite radio transmis- 
sions. 

By using the satellite as a known 
source of radiation, for example, it 
will be possible to measure certain as- 
pects of the fine structure of the iono- 
sphere such as the horizont=! inhomoge- 
neities in the E- and F-regions. 
© Biological experiments, Provision 
for this work is made in the first group 
of satellite experiments because the 
satellite scientists believe they should 
be started at the earliest opportunity 
“since they will be crucial to the even- 
tual attainment of manned space 
flight.” 

Balloon and rocket flights of living 
organisms have been underway for some 
time, and the U. S. IGY satellite pro- 
gram includes experimentation with 
yeast samples. But these programs will 
have to be greatly expanded; primarily 
in order to learn more about the effects 
of weightlessness. At the same time, 
the Earth Satellite Panel doesn’t be- 
lieve that satellite studies of radiation 
effects on biological specimens will 
prove very rewarding. 

Advanced Satellite Experiments 

Later on, as the satellites get larger, 
it will undoubtedly be possible to place 
men themselves in the vehicles. The 
value of such an experiment is still being 
debated. But man will inevitably ven- 
ture into outer space sooner or later, say 
the scientists. “Whether the presence 
of a man in the vehicle will contribute 
to our knowledge of the universe is be- 
side the point. Such an achievement 
should, perhaps, be considered as an 
end in itself—the ultimate biological 
experiment.” 

On a somewhat more immediate 
basis are a number of fairly complicated 
and more scientifically rewarding ex- 
periments that the panel has planned 
for its first advanced satellites. Among 
these are the following: 

@ Selective and directional thermal radi- 
ation measurements. The idea is to 
obtain a complete record of thermal 
radiation for an entire satellite circuit 
in order to map the effective tempera- 
ture of different layers high in the at- 
mosphere. This could be the key to 
the development of a physical basis for 
long-range weather prediction, the re- 
port states. 

@ Selective and directional ultraviolet 
and X-ray measurements. With sufh- 
cient payload available, the panel feels 
that it will be possible and desirable 
to make more refined spectroscopie sur- 
veys of the earth’s atmosphere in the 
far ultraviolet. 

e Astronomical spectrograms. With a 
spectrograph mounted in a satellite, 
astronomers will be able to study the 
sun, planets and stars in far more de- 
tail than now possible. Techniques for 
recovering the spectrographic film cap- 
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With Chance Vought’s new FSU-2 Crusader, America’s 
defense strength rockets to the threshold of space. This 
Navy fighter has the speed, range and staying power to 
master the upper atmosphere. A manned aircraft, its 
pilot brings human intelligence to an advanced aerial 


weapon whose capabilities outstrip those of ordinary jet, 


fighters. At his command, this lethal weapon can hide 
and seek ... strike and strike again. 

On its first flight, the F8U-2 easily beat the fastest 
official speed of the record-breaking FSU-1 Crusader. 
It climbed to heights reached a few years ago only by 
rocket-powered research craft. It carries advanced fire- 
control and radar systems, and awesome armament: 


20 mm cannon, 2.75-inch rockets, Sidewinder missiles. 


The dynamic design of this new carrier-based fighter 
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the celebrated F8U-1 Crusader, already giving Navy 
pilots unmatched air/sea strength. 
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STAYS FLEXIBLE 
from —100° to +450° F. 


Designed to stay flexible at extremely high 
and low temperatures, here is a hose that 
withstands tests much more severe than 
MIL-H-8794, Stratofiex ‘‘Super-T"’ tube is 
made from specially-compounded TEFLON* 
and covered with high strength, corrosion- 
resistant stainless steel braid. Hose is unaf- 
fected by all fuels, petroleums or synthetic 
base lubricants, acids, solvents, alcohols and 
coolants. Non-inflammable. Shelf and oper- 
ating life are practically unlimited. Stratofiex 
“Super-T" hose is available in standard 
sizes from —4 to —20. 


* TEFLON is a registered DuPont trademark. 


Straight, 45° and 90° 


fittings in stock 


Stratoflex “Super-T” hose is factory assembled with 
permanently attached fittings — corrosion-resistant, 
high temperature or extra lightweight types. 
Special angles or connections can be 


to your specifications. 





Circle Number 160 on Reader-Service Card 











@ SATELLITES 


sule have been proposed and are con- 
sidered feasible. 

¢ Ultraviolet photographs of the sun. 
Such photographs should prove an im- 
portant aid to understanding solar ac- 
tivity, much of which is associated with 
the emission of ultraviolet radiation. 
As in the case of the astronomical 
spectograms, the film would be recov- 
ered, or a possible alternative might be 
to use photoelectronic recording and 
telemetering of the observations, par- 
ticularly if a fairly continuous picture 
is desired. 

e Planetary spectrograms. The purpose 
of this experiment—a variation of the 
one on ultraviolet and X-ray measure- 
ment—is to measure the spectra of the 
various planets in the ultraviolet and 
infrared in order to determine more 
precisely the compositions of the plan- 
etary atmospheres. 

e An experimental test of the general 
theory of relativity. By flying a super 
accurate “atomic clock” in a satellite 
and comparing it to a similar timepiece 
on the ground, it should be possible 
to test the general theory of relativity, 
which in effect says there will be a differ- 
ence in the running rate of the two 
clocks because of the known difference 
of gravitational potential. 

eSolar (cosmic) radio noise in the 
high-frequency and low-frequency spec- 
trum. Because a satellite would not 
suffer from ionospheric absorption, it 
could be used to observe the radio 
noise from the sun and beyond which is 
not able to push through the ionos- 
phere. 

e Collection of micrometeorite sam- 
ples. This work, already underway to 
a limited degree in balloons, will help 
answer a number of questions concern- 
ing such things as the relative abund- 
ance of elements in the solar system 
and the scattering effect of this dust, 
observed as the zodiacal light. 

The last and ultimate satellite ex- 
periments noted in the report are the 
ones with men in them, mentioned 
above. Next comes the moon. 

As part of its long-range space re- 
search program, the Earth Satellite 
Panel proposes to explore the moon 
both by flying satellites around it and 
by landing instruments on its surface. 

In the report, priority is given to 
those experiments which would pro- 
vide information about the moon as a 
whole. These include measurement of 
lunar mass and gravity, direct measure- 
ment of the lunar magnetic field, and 
measurement of the lunar atmosphere. 
The last experiment is probably the 
only one that will require a landing 
on the moon, it says. (Impact velocity 
is calculated to be about 9,000 fps. 
for a vehicle taking two to three days 
for the trip.) 

In the group of localized experi- 
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ments, which would require landings of 
instrument packages on the moon’s sur- 
face. are seismic and microseismic ob- 
servations of the lunar crust and ob- 
servations at the point of impact, the 
latter to include measurements of sur- 
face and subsurface temperatures, sur- 
face hardness, and chemical composi- 
tion of the surface material. 

Ultimately, the report states, there 
will be manned vehicles capable of 
landing on the moon. And in the 
context of the program as described 
by the satellite scientists, the investi- 
gation of the moon is “but a step to 
the investigation of the planets.” 


Interplanetary Investigations 


Mars and Venus will probably be 
the first planets to be explored because 
they are the closest and the most in- 
triguing. And, once the guidance and 
propulsion problems have been licked, 
the report says, it should be a fairly 
straightforward proposition landing in- 
struments on these planets because the 
problems are practically the same as 
those involved in placing like packages 
on the earth’s surface. 

Landing on small and sun-scorched 
Mercury, the panel believes, will in- 
volve many of the same problems as 
landing on our own moon. The large 
outer planets, on the other hand, pose 
altogether different problems. “There 
may be no such thing as ‘landing’ on 
their inner cores, which very possibly 
are nowhere solid but may consist of a 
liquid center merging with a deep 
gaseous envelope. One might, instead, 
design a vehicle which would enter the 
atmosphere of such a planet and then 
settle to a certain density level, where 
it would float, like an inextensible bal- 
loon.” 

Man will eventually follow his in- 
struments into space. Right now, this 
act appears difficult to justify logically, 
since instruments can be designed to 
do all the space research and reporting 
that is desired. Moreover, these instru- 
ments can be and will be abandoned 
without any misgivings. 

It is very possible, of course, that 
these instruments will reach a level 
of largeness and complexity which 
would justify the use of a human being 
for reasons of efficiency, reliability and 
resourcefulness More pertinent is the 
fact that man will certainly possess the 
capability to go into space, the Earth 
Satellite Panel declares, and it is hard 
to conceive of him stopping short when 
such a tempting goal is within reach— 
regardless of whether it is necessary or 
not. 

“With man’s first venture into outer 
space, a new program of research and 
exploration will begin. ‘The program 
described above will therefore be the 
prelude to the drama to follow.” . 
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U. S. TIME has GYROS for every application 


STANDARD TWO 
TORSION BAR GYRO 


Over 12,000 produced to date. 


Features extremely high 
performance, such as, null 


balance, hysteresis, resolution. 


SINGLE TORSION BAR 
GYRO—MODEL SBP 
Features extremely high 
resistance to shock, 
vibration and acceleration, 
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overload protection device. 


SINGLE TORSION BAR 
GYRO—MODEL SBO 


Features high resistance 
to shock, vibration and 
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proven reliability made 
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guidance system experts 
through m=mAe eee training devices 


The guidance system of a missile is critical to its purpose—without the system— 
or without intelligent handling of the system's equipment there is no effective weapon, 


The military must train its “unskilled short-term” personnel to operate and 
maintain this system—and the question arises . . . How? 


Today ERCO is building training devices for this very project. A system which will 
permit accelerated, highly specialized training for individual personnel 

and teams assigned to the operation and maintenance of the guidance 

system. These ERCO designed devices will quickly, and economically 

permit the military to obtain skilled technical personnel with 

maximum specialization on a minimum time basis— 

or the term we use “effectivate*” the system. 


If you are a contractor and you are in 

need of someone to solve the problem of the 
“Man-Machine Data Link’ — contact us today. 
Our leadership in the creation of training devices 
has been gained with field proven equipments. 





Write to ERCO PLANT, Nuclear Products — 
ERCO Division, ACF Industries, Incorporated, 
Riverdale, Md., Dept. MT. 
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CONVAIR Atlas complex at Cape Canaveral, Fla., shows vast amount of facilities that support test firings. 


Research Facilities 
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Our defense establishment demands VERSATILITY .. . they get it in the MC-1 and 
MD-1 Herman Nelson Portable Heaters. In the top photo, a Convair F-102A based 
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the world in the desert sun, another F-102A (bottom photo) is cooled by the power- 
ful blower in the same model Herman Nelson heater. In both cases, the Herman 
Nelson Portable Heater is connected to the plane’s own ventilating system. 

Herman Nelson’s experience gained from years of leadership is available to you. 
Solving problems of heating, cooling and ventilating that arise in the development 
of weapons systems is our business, 
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POSSIBLE configuration of USAF’s moon probes is a Thor booster topped by both upper stages of the Vanguard satellite vehicle. 


Probes Will Explore Cislunar Space 


By Irving Stone 


Lunar probes to be launched by the Air Force and Army will mark the 
first long reach into space and set the stage for manned exploration of 
the moon. 

Both Air Research and Development Command’s Ballistic Missile 
Division and Army’s Ballistic Missile Agency will attempt to fire their first 


moon vehicles before the end of this year. 
authority and direction of the Advanced Research Projects Agency. 


Both programs are under the 
BMD 


has been assigned three moon probe shots, and ABMA probably will launch 


two. 
encompass these configurations: 

e ABMA’s lunar probes will be known 
as Juno II. They probably will differ 
from the Jupiter-C used to orbit Ex- 
plorer satellites only in that Jupiter in- 
termediate range ballistic missile booster 
will be substituted for Redstone 
booster. Juno II configuration would use 
a Jupiter IRBM first stage, a cluster of 
11 scaled, solid propellant Sergeants as 
the second stage, surrounding a cluster 
of three Sergeants as the third stage, 
surrounding a single Sergeant as final 
stage. 


® BMD’s lunar probes will use Douglas 
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Total funding through Fiscal 1959 is $80.2 million. 


Vehicles will 


l hor intermediate range ballistic missile 
as a booster, coupled with Aerojet-Gen 
cral’s modified liquid-propellant, sec 
ond stage Vanguard engine, plus a third 
stage now tentatively scheduled to be 
Grand Central Rocket Co.'s modified 
third stage Vanguard solid propellant 
rocket. Another possibility for the third 
stage is a fluorine-hydrazine engine un 
der study at National Advisory Commit- 
tee for Aeronautics’ Lewis Flight Pro- 
pulsion Laboratory, Cleveland, Ohio. 
While the Thor-second stage Van- 
guard combination will be checked out 


in a series of at least three shoots under 
Project Able—and in three more under 
Project Bravo, the follow-up and exten 
sion of Able firings—there is no plan at 
present to test-check the Thor-Van 
guard second stage-Vanguard third 
stage combination 

BMD plans to “go for broke” on the 
first moon-probe shot. If the missile at 
tains the “‘vicinitv” of the moon (useful 
data might be obtained as far as 10,000 
mi. away) there are four distinct possi 
bilities. It could 
e Travel on out past the moon 
e Circumnavigate the moon and return 
to earth's atmosphere, where the probx 
payload would burn up. This trajectory 
probably would depend on the moon's 
gravitational pull to turn the vehick 
into the proper path for return toward 
earth. 
e Come close enough to the moon to 
be drawn into its gravitational field, 
and by extra thrust and proper timing, 
become a lunar satellite. 
¢ Impact on the moon. Efforts will be 
made to avoid this possibility, since a 
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..« Continental Packettes Are 
Approved Power for a Wide Range 
of Ground Support Equipment 


Neorly 50 different items of ground support equipment, now in use all over the globe, ore 
built cround the unique family of Military Standard engines developed by Continental Motors 
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combination of advantages available nowhere else: 


1—The proved dependability of the Continental aircraft engines on which they 
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2—Adaptation to use in any climate, from the equator to the pole. 
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probe passing behind the moon or orbit- 
ing it could produce infinitely more 
data on the lunar environment. 

All three of BMD’s moon probes will 
carry the same payload weight, which 
will be about 30 Ib., but each will carry 
different instrumentation in order to 
cover a substantial data-gathering range 
Intervals between BMD’s moon shots 
will be determined by the time required 
for reduction of data from, and modifi- 
cations indicated by the previous launch- 
ing. 

Original launch date for the BMD 
probe was Aug. 16, but this may be 
delayed. A tracking station is being 
built in Hawaii. Probe will use the 
Minitrack frequency of 108 mc. 


ABMA’‘s Approach 


It is probable that ABMA’s general 
approach for its moon shots will be sim- 
ilar to BMD’s, since the scientific data 
each could gather would be in same 
general categories 

Probes would gather information on 
the moon’s surface through a mechani- 
cal ground scanning device scheduled 
for development at Naval Ordnance 
Test Station, Inyokern, Calif. Resulting 
picture will not be as definitive as a 
television presentation, since simplicity 
of equipment will be dictated by pay- 
load limitations. Miscellaneous meas- 
urements with the probe might deter- 
mine: 

e Existence of lunar “atmosphere,” its 
composition and density—if one exists. 

¢ Temperature distribution over the 
moon’s surface. 

elon density in the lunar atmosphere 
and in cislunar space. 

e Characteristics of the moon’s 
magnetic field, its distributions 
time variations. 

* Amount of radioactivity reflected from 
moon’s surface. 

e Meteorite impact on vehicle between 
earth and moon. 

There is a tentative plan for a look 
at the far side of the moon. Probably 
the same type of terrain exists, but some 
specific differences might be startling. 
Photos of the moon’s far side would be 
taken with a Land camera in an ABMA 
probe and transmitted to earth electri- 
cally. 

There is little doubt that the first 
BMD and ABMA moon probes—even 
though they will return scientific data— 
are intended primarily to contribute to 
U.S. prestige, and will offer little mili- 
tary value. 

his viewpoint is fully understood by 
2 broad group of scientists and military 
personnel, who point out that military 
support for space exploration is justified 
at this stage simply because it is being 
carried out in a scientific pattern. Value 
of these lunar probes, as well as earth- 
satellites, must be exploited quickly be- 
cause they are basic-experiment vehi- 


own 


and 
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LAST quarter moon in 100-in. composite photo from Mt. Wilson-Palomar Observatories. 


cles which must supply fundamental 
knowledge on which Firther exploration 
of space will depend. 

It also is clear that Russia will ac 
celerate its effort with regard to lunar 
experiments as much and possibly more 
than it did with its earth-satellite proj- 
ects in this opening phase of space ex- 
ploration. 

It is impossible to foresee, both sci- 
entists and military personnel contend, 
what the strategic condition may be in 
the next 15-20 years. Hence it is manda 
tory that preparation be done, with mili- 
tary support feeding the scientific hop 
per of space. At this point, it is claimed, 
the overall philosophy of space explora- 
tion becomes a matter of emphasizing 
what basically is required, as distin 
guished from what can be done. In this 
respect lunar probes are considered to 
be a necessity as opening wedges in the 
space regime, rather than an isolated 
exercise. 


Probably the most critical factor in 
the matter of initial lunar probes and 
follow-up lunar experiments, including 
the ability to propel manned capsules 
for circumnavigation and eventual land 
ings, is propulsion potential 

Considerably before lunar 
were actively pushed under the present 
programs, vehicles were proposed for 
moon-vicinity travels using off-the-shelf 
propulsion units to avoid dependence on 
ballistic missile hardware and minimiz¢ 
project costs. 

One of these, Farside II, 
ceived and formulated during Farside 
Phase I studies by Aeronutronic Svs 
tems, Inc., under sponsorship of the 
Directorate of Advanced Studies, Ait 
Force Office of Scientific Research. It 
contemplates a vehicle for placing a to 
tal payload of about 25 Ib. in the vicin 
ity of the moon, not necessarily to im 
pact on it. Solid propulsion staging 
includes five 
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steps, involving various 
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SPACE VEHICLES 


SATELLITE 


6,000 MI. ICBM 
200 Mi. 





COMPARISON of minimum velocity requirements by A. F. Donovan of Ramo-Wooldridge’s 
Space Technology Laboratories shows that trip to or around moon requires about 40% 
more velocity than ICBM, indicates how applicable they are to space travel. 


Thiokol Sergeants and Grand 
Central Rocket Co. third-stage Van- 
guard units. This proposal has not yet 
been approved by ARDC. 

Another scheme using some off-the- 
shelf solid propellant units is Aerojet- 
General Corp.'s Aerobee M_ lunar 
vehicle. This five-stage vehicle combines 
Aerojet Seniors, Jumiors and other solid 
units. 

In contrast to this approach, particu- 
larly in BMD, the trend naturally is to 
consider using ballistic missile boosters 
for lunar probe vehicles—Thor IRBM 
plus other stages for a vehicle with a 
relatively light payload, and probably 
the Convair Atlas and Martin ‘Titan 
plus other stages for heavier payloads to 
do the follow-up jobs undoubtedly be- 
ing contemplated now. 

It is estimated that an ICBM with 
added stages might be used to take a 
man around the moon—depending on 
how weight of the capsule could be 
trimmed—or to carry a very small pavy- 
load out to Mars. 


Off-the-Shelf Hardware 


Experts close to the ballistic missile 
activity strongly advocate use of existing 
ballistic missile hardware for early space 
exploration, such as lunar probes and 
carth-satellites, rather than to undertake 
new developments for this work. They 
point out that there is a general lack of 
appreciation of just how far the ballistic 
missile program ‘as progressed in a 
relatively short ti xe and the great con- 
tribution it has made to almost every 
phase of engineering and science associ- 
ated with aeronautics—contributions 
that will be carried over to out-of- 
atmosphere operations. 

Opinion is that literally hundreds of 
experiments, including lunar probes, 
could be accomplished within the next 


uses of 
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five to ten years with various combina- 
tions of Atlas, Titan, Thor and Jupiter 
as first stage boosters, carrving a wide 
variety of electronic and photographic 
payloads. 

Utilizing existing ballistic missile 
hardware, problem is not one of invent- 
ing space missions but one of being wise 
enough to select the “right” 
This approach involves discretion in 
mission choice—such as circumnavigat- 
ing or orbiting the moon instead of im- 
pacting on it, even if the Russians, for 
cxample, already had achieved an im- 
pact. 

Because of the numerous possibilities 
inherent in early space exploration, no 
single demonstration is going to deter- 
mine which country is leading in tech- 
nical accomplishments. It can safely be 
assumed that Air Force and Army plan- 
ners will be extremely selective in pro- 
jecting future missions—in the lunar 
region or any other category of space 
cxploration. 

Refinements in present ballistic mis- 
sile hardware also can pay big dividends 
in early capability for launching probes 
and other space ventures, in contrast to 
explorations that may require com- 
pletely new engineering. New boosters 
or other big technical advances required 
for very large payloads or very high 
speeds may involve six or seven years of 
development time before they become 
usable operationally. 

Follow-up of initial moon probes with 
vehicles carrying payloads capable of 
more extensive experiments could con- 
tribute information that would facili- 
tate lunar landing attempts when that 
phase is approached in progressive steps. 
[his would include the most feasible 
areas for putting down instrument-car- 
rying packages, for landing and take-off 
of manned vehicles, and for detailed 


missions. 





AIRBORNE 
RELIABILITY 


for electronic, mechanical, pneumatic, 
hydraulic and avionic equipment — while 
conducting all types of tests performed in 
accordance with the latest governmerit 
and commercial specifications. 


ATTENTION MISSILE-MEN 


Aerotest now offers complete flow testing 
facilities for missile equipment exposed 
to fuels and oxidizers — hydrogen perox- 
ide, liquid nitrogen, atmpieas exice. 
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SPECIALISTS IN DIFFICULT, NON-STANDARD LINEAR POTENTIOMETER DESIGNS 


Series 4103 Circular Pots, as shown 
above — are particularly suited to 
telemetering, contro! systems and 
computers. Furnished single or ganged 
up to 5 units. Life at least 

1,000,000 cycles. 


Cuts custom design 


costs with 4 BASIC 
POTENTIOMETER 


CASES 


Series 4101 Rectilinear Pot 
Suitable for linear position 
indication especially in aircraft 
and missile controls. Life at least 
1,000,000 cycles. 


PACIFIC SCIENTIFIC COMPANY 
P.O. Box 22019, Los Angeles 22, California 
San Francisco * Seattle 
Arlington, Texas * San Diego 


Representatives: Eastern U.S.—Aero Eng. Co. 
Canada—Garrett Mfg. Corp. 


Pacific Scientific can design 
and build custom linear poten- 
tiometers to your most critical 
requirements .. . 
time and money by incorporat- 


yet save you 


ing them into any one of four 
standard cases! 

You are, of course, not limited 
to these 4 cases — for Pacific 
has the ability to design and 
produce precision wire-wound 
linear potentiometers on a cus- 
tom, yet production basis. Spe- 
cialization in difficult, non- 
standard linear potentiometers 
has given Pacific much exper- 
ience in the very type of work 
many prefer to avoid. 

Pacific has the manpower and 
the facilities to originate de- 
signs and produce a special 
element built to your own rigid 
requirements. Expanded pro- 
duction facilities now make 
this creative engineering serv- 
ice available to all manufac- 
turers of clectronic equipment. 


There is no 
obligation to obtain 
further details — and 
technical data sheets. 


WRITE TODAY! 


Creative Manufacturing 
and Development in Aircraft Safety 
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surface investigations within the limits 
of projected stop-over times. 

Experiments using moon impacts 
have been suggested by Dr. John L. 
Barnes, Systems Corp. of America. For 
material-capture, a shaped charge ex- 
plosive delivered to a region selected on 
the basis of earlier studies, would be 
cetonated at a specified depth. Several 
lunar satellites, timed to arrive when 
the surface material has been propelled 
to an adequate altitude above the 
moon’s surface, would collect samples 
of this material, analyze them bv auto- 
matic equipment, and telemeter the re- 
sults to an earth station. Location of a 
lunar mining operation on the moon’s 
face would be mapped by telescopes on 
earth. Lunar television satellite would 
pick up mining on the moon’s far side. 

lor a seismic wave transmission ex- 
periment, several moon missiles would 
deliver instrumented packages to the 
lunar surface. As each package arrived, 
explosion of a magnesium-oxvgen charge 
would be observed through earth tele- 
scopes and lunar satellite ‘'V pickups, 
spotting the approximate location of 
cach instrument package on lunar sur- 
face. 

Included in the package would be a 
scismic recorder coupled to a telemeter 
transmitter. A sizeable explosive charge 
with proper delay-time would be deliv- 
cred to a selected region of lunar surface 
ty moon missile and detonated at the 
prescribed depth. Explosion would be 





Moon Highlights 
© Average distance from earth is 238,857 
mi. 
® Diameter is 2,160 mi., more than one- 
fourth that of the earth’s 7,927 mi., but 
earth has 81 times the mass of the moon. 
@ Gravity is one-sixth that of earth, 
escape velocity is 1.5 mi. per sec. 
© Time to circle earth equals time moon 
requires to make complete turn on own 
axis. Thus it presents same face to earth. 
Slight wobble in moon’s motion permits 
earth observers to see total of 59% of 
lunar surface over period of time. 
© Estimates of lunar surface dust range 
from depth of few inches to miles. 
© During 15-day period of sunlight, dust 
top layer temperature ranges as high as 
214F, while lunar night brings tempera- 
ture to 243F below zero. However, tem- 
perature below top layer of dust is con- 
stant minus 40F. 
¢@ Lunar mountains range as high as ap- 
proximately 6 mi. 
® More than 30,000 craters, extending 
from one-half to 150 mi. in diameter, 
some approximately 4 mi. deep, pock the 
lunar surface. 
@ Lunar “atmosphere” may contain very 
small amounts of krypton, xenon and 
other heavy gases. 











AVIATION WEEK, June 16, 1958 









@ FACILITIES 


mapped by earth telescopes and lunar 
satellite T'V pickups, and propagation 
of moonquake waves would be moni- 
tored by pre-placed lunar “ears” and 
returned to earth stations. Lunar orbit- 
ing vehicles also might relay this infor- 
mation back to earth. 

Another impact study for gathering 
data on moon surface characteristics has 
been made by Rand Corp. Boosted by 
an Atlas ICBM and other stages, the 
Rand lunar test instrument § carrier 
would penetrate the moon’s surface 
with a pointed nose 

lelemetered data might afford inval- 
vable information on the depth of the 
moon's surface dust or fragment de- 
posits and related physical features, to 
aid in planning future manned land- 
ings. Atlas burning phase guidance 
could control nozzle position for angu- 
larity and speed at cutoff to within one 
foot per second. As the moon is ap 
proached, retrorockets would be acti 
vated for probe to attain calculated 
entry speed, to avoid destruction of in 
strumentation on impact, and rockets 
would be gimbal-controlled to insure 
proper entry angle 


Dust Problem 


Subject of dust on surface of the 
moon has prompted considerable discus 
sion and is more pertinent now because 
of the likelihood of lunar landings 
within time scales which can be esti- 
mated broadly today. 

Thomas Gold, professor of astronau 
tics at the Harvard College Observatory, 
believes that at a depth of a few hun 
dred feet, moon material probably would 
be quite solid. Top few feet might be 
extremely loose and more treacherous 
than quicksand. Conditions that gener 
ally tend to compact things on earth are 
absent on the moon, and much more 
loosely packed material might maintain 
itself for long periods. If deep, loose 
deposits of dust are a common feature 
of the moon, a substantial bomb ex 
ploded in a place where the debris 
would be illuminated by sunlight and 
visible from the earth against a dark 
background, could prove this point. 

Moon’s surface is subjected to bom- 
bardment by meteoritic material and 
corpuscular radiation (protons) and to 
a slow rain of dust, molecules, atoms 
and ions as a consequence of the 
meteoritic bombardment. These proc- 
esses, coupled with solar radiation, will 
tend to cement the dust into a weak 
semi-porous matrix and no appreciable 
quantity of dust will be found on the 
moon's surface, according to Fred L 
Whipple, director of the Smithsonian 
Astrophysical Observatory and astron 
omy professor at Harvard College Ob- 
servatory. 

Surface material should not blow 
badly in a rocket jet and should be sufh- 
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REVERE TEFLON* CABLE @ 


Electronic cables, the “nerves” of monitoring and test- 

ing systems in missiles, rockets and aircraft, are con- 

stantly being stressed by the searing heat around jet H 
engines . . . the sub-zero cold of the stratosphere . . . 
immersion in fuels, chemicals or solvents. Revere Teflon 

Cable meets these high service requirements . . . and 

those of computer and radar applications, too. 


Revere Teflon Cables are available with 1, 2, 3 or 4 
teflon-insulated, silver plated, stranded copper con- 
ductors, rated for continuous operation from —90°C. 
to +-210°C. Cables are shielded with silver plated cop- 
per to give 90% coverage. Jackets to suit application 
— silicone treated glass braid, teflon, Kel-F**, vinyl, 
nylon, etc. 


Conductor size: 24 to 18 gage in .008” (300 volt), *£.1. du Pont trademark 
.010” (600 volt) and .015” (1000 volt) wall thicknesses.  j "Wire punsee‘soo he 
Ten and fifteen mil wall conductors meet applicable wets ey 
requirements of MIL-W-16878, Type E and EE. ei 


TYPICAL SPECIFICATIONS — Single Conductor Teflon Insulation 





































Spark Test Voltage . 3000 volts Write today 
Insulation Resistance . Greater than 10‘ megohm/ 1000 ft. for Engineering 
are, | a — S —90°C. to ss (t) Bulletin 1905 describing 
ielectric Constant ae maximum 
Power Factor @ 1 MC/Sec .... _...kess than 0.0003 Revere TEFLON CABLE. 
Flammability ............. Does not support combustion f 
Shrinkage ......... Less than Ye" in 18” @ 250°C for 96 hrs. 
Abrasion (per MIL-T-5438) Passes 38” of 400 grit, 
aluminum oxide, ¥ Ib. weight 
Moisture Absorption ....... sedi 0.0% 
Specific Gravity ................ Es. ae 2.2 average 
Chemical and Solvent Resistance ..............0.0000» Excellent 






REVERE CORPORATION OF AMERICA 
Wallingford, Connecticut 







A SUBSIDIARY OF NEPTUNE METER COMPANY 
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Alternators as prime power sources 


Frequency changers for radar power 
supplies and inertial quidance systems 


High-temperature power tachometer: 


for turbine and pump speed controls 


High-temperature and high-frequency 


motors, motor generators and actuators 
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ciently rigid for support of the normal 
structures and operations required in a 
lunar expedition, Whipple believes. For 
transport of great weights and require 
ments of expeditionary travel, greatest 
hazard should be crevasses, with the very 
real possibility of unsubstantial roofing 
over gaseous pockets in the lava flows of 
the lunar “seas,” Whipple says. 

Moon impact trajectory scheme en- 
visioned by Aeronutronic Systems Inc., 
requires little or no velocity control but 
requires precise control of thrust direc- 
tion. The rocket would proceed from 
earth along a ballistic trajectory and 
reach the moon’s area at a time deter 
mined by the initial velocity. A series 
of these trajectories has been devised in 
which the distance that the moon moves 
in its orbit during the differential flight 
time between two neighboring trajec- 
tories, is just equal to the spacing of 
the trajectories. If lunar impact is 
achieved with one of the trajectories, it 
also will be achieved by the neighbor- 
ing trajectories in the series. 

‘With this technique, tolerance to 
burnout velocity error is greater than 
100 fps. This degree of velocity control 
is attainable with careful propellant 
loading in the final stages, and payload 
penalty normally associated with ve- 
locity control of a few feet per second 
(10 or 15 fps.) can be avoided. 

This technique requires initial design 
velocity that slightly exceeds escape 
velocity, and a small payload penalty is 
introduced for additional propulsion 
required. Excess velocity over escape 
value is about 100 fps. In contrast to 
tolerance for velocity error, path angle 
(angle between local vertical and tan- 
gent to trajectory at burnout) must be 
controlled to within 0.2 deg. 

[hermonuclear explosion also could 
verify impact, but some scientists feel 
that this device would not be feasible 
because of the contamination hazard, 
which would interfere with follow-up 
exploration. 

Use of a dye marker to verify impact 
might be feasible if a sufficient quan- 
tity of fluorescence were introduced, but 
this would not be an easy task. 

Ultimate goal of lunar investigations, 
the manned-vehicle landing, is on very 
slim ground at this stage of space tech 
nology, since a tremendous mass of data 
must be gathered and numerous criti- 
cal techniques perfected before man 
can perform substantially useful func- 
tions in space. 

Hazards of the manned moon mis- 
sion, wherein man will be required to 
perform various functions, is pointed up 
by comparison with the passive role 
man would play in a relatively simple, 
manned earth-satellite. 

Assuming that men land on the 
moon, the question of take-off capabil- 
ity for return to earth poses tremendous 
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TRAJECTORY for initial flight around moon and return, calculated by A. F. Donovan, 
Ramo-Wooldridge Space Technology Laboratories. After last stage burnout vehicle would 
be in free flight and use moon’s gravitational field to cause it to turn back to earth. 


difficulties. Simple analogy is to con- 
sider the complicated countdown pro- 
cedure for a ballistic missile at Cape 
Canaveral, and weigh this against capa- 
bility of one man, or a few men, on the 
surface of the moon, preparing for re- 
turn to earth. Obviously, simplification 
will have been achieved within the time 
scale for manned landings on the moon, 
but take-off complexities probably will 
still be substantial. Highly reliable solid 
propellant rockets probably would be 
chosen for return thrust if landings 
were attempted in the foreseeable fu- 
ture, some experts say. 

One scheme for verifications of a 
moon impact involves the use of 10-ft. 
metalized balloons. Twelve of these 
balloons with their time and _ release 
mechanisms would weigh less than 20 
lb. Illuminated by the sun, the reflecting 
balloon at lunar distances would appear 
as a 17th magnitude star visible in a 
+0-in. telescope. If a number of bal- 
loons were released along the trajectory, 
sunlight pressure would produce an 
acceleration that would separate bal- 
loons launched a day apart by 1,000 km. 

To follow the vehicle’s trajectorv, the 
moon should be in the first or third 
quarter so that balloon dispersion is per- 
pendicular to the line of sight. If the 
vehicle struck the moon, a number of 
the balloons also would strike. This 
would be established if those balloons 
on predicted impact trajectories no 
longer were observed after transit 
across the moon, and the remaining bal- 
loons were seen after transit. 

Other impact verification schemes 
include optical and infra-red scanners 
which would determine angular size of 
the moon as an indication of proxim- 
ity. These could be kept within pay- 
load limits of about 30 Ib., with most 
of the weight being in power supply. 


AVIATION WEEK, June 16, 1958 


Still another method is based on 
measurement of the moon’s radioactiy 
itv. Scanning would not be necessary 
because radiation received by spherically 
symmetric counter arrangement 1s pro- 
portional to the solid angle subtended 
by the moon at the counter. Whatever 
the vehicle’s oxientation, the counter 
rate above background is proportional 
to the square of the distance to the 
moon. 

Protection requirements, particular); 
for a lunar capsule, will be far more 
rigorous for the lunar venture than for 
an earth satellite experiment. This is 
pointed up in the simple aspect of earth 
atmosphere re-entry speeds—25,000 fps 
for an earth satellite, against 35,000 
fps. for re-entry from a lunar trip 

Establishment of a lunar base un- 
coubtedly would offer inestimable sci- 
entific advantages, such as: 

e Opportunity to study all aspects of 
lunar surface, which might lead to firm 
theorv on formation of solar system. 
@ Observation of earth’s global weather 
This would be of tremendous value in 
commercial operations, and could have 
decisive military significance in further 
ing the ability to control weather over 
particular areas. 

e Astronomical platform for optical and 
radio telescopes to supply precise in- 
formation on solar system constituents 
and characteristics of other stars. 

© Mapping ability. |'rom two or morc 
positions on opposite sides of the moon, 
to afford long base lines, gross features 
of the earth could be delineated ac 
curately by telescope. 

Cost and time estimates for putting 
a man on the moon and establishing a 
scientific-military base there vary widely. 
One estimate is 10 years and $1 billion 
for the first step, 20 years and $20-S$50 
billion for an operational base 


® valves 


© switches _ 
* solenoids “S<_ 


Proven in countless mili- 
tary applications, K-W 
components combine 
problem solving devel- 
opment and adaptation 
with perfection in pro- 
duction . . . here are 
just a few: 





HIGH PRESSURE, HIGH TEMPERATURE VALVE 


Normally open or closed, 
for jet fuel, oil or air, 
500 psi. operating pres- 
sure, -65° to 350° F., 
17 to 30 volt DC operat- 
ing voltage. 


HIGH PRESSURE FUEL VALVE 


Normally open, annular 
ported valve, for oil, air 
or fuel to 1500 psi. max. 
pressure, 14 to 30 volt DC 
operating voltage, -65° 
to 400° F. ambient range. 


THREE-WAY, HIGH PRESSURE FUEL VALVE 


Annular inlet and outlet, 
bottom hole vent, for 
fuel, oil or air to 1500 
psi., -65° to 400° F. 
ambient range, |4 to 30 DC 
voltage, .7 amps. DC drain. 


High Pressure Air or Hydraulic Solenoid Valve 


Where space and quality 
count, closely spaced 
ports, separated by face 
sealed “O" rings, 3000 
psi. max. pressure, for fuel 

or air, ~ 65° to 165° F. range. 


HIGH PULL, LOW CURRENT SOLENOID 


Rugged actuating solenoid, 

low current drain, best 

for exacting heavy duty, 

14 to 29 volt DC voltage, 

.7 amps. drain, -65° to 
250° ambient range. 





The Koontz-Wagner Manufacturing 
Division offers facilities for proto- 
type and production work in valve, 
switch and solenoid components, 
calling on vast experience with the 
aviation industry. 





MANUFACTURING DIVISION 


Koonrz([J/acner 


518 WN. Michigan St. * South Bend, Indiana 
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Engineering developments that make Rollway 


Cylindrical Roller Bearings suitable for a 
wide range of aircraft applications 


Eight years after the Wright brothers’ flights 
at Kittyhawk, Rollway began the production of 
cylindrical roller bearings. Careful inspection, 
metallographic checks, design evaluations and 
lubrication studies have steadily improved the 
range of performance as to speed, stress, ambient 
and operating temperatures. 

Our key personnel are always ready to work on 
experimental or production models where high- 
stress, high-temperature, and _ high-precision 
bearings are essential. 


Helicopter 
qtenetiny ane cuppa Illustrated are a few of the Rollway Bearings produced 
= \ for general aeronautics use. Not illustrated, for obvious 
reasons, are Rollway experimental bearings developed for 
test in various projects. A wire, letter or print will initiate 
a cooperative relationship that could be mutually reward- 
ing. Rollway Bearing Co., Inc., Syracuse, N. Y 


BEARINGS 


Turbine bearings 


ENGINEERING OFFICES: 
SYRACUSE * BOSTON * CHICAGO * DETROIT * TORONTO © PITTSBURGH * CLEVELAND © SEATTLE ® HOUSTON © PHILADELPHIA © LOS ANGELES @ SAN FRANCISCO 
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USAF Considers Test Vehicle Family 


A program to create a family of basic vehicles for a broad variety of 
out-of-atmosphere research and testing that normally could be conducted 
only with expensive operational ballistic missile is being considered by Air 


Force. 


Philosophy behind this concept—designated BMTS, for ballistic missile 
test systems—is that within the military services and other government agen- 
cies there are numerous requirements for research and test associated with 
ballistic missile components as well as other technical factors, which would 
not be economically feasible if each agency developed its own test vehicle. 
This gives rise to the demand for a family of “standardized” carriers to meet 
a multiplicity of requirements. Characteristics of these vehicles would 


emphasize: 

¢ Flexibility for adaption to wide range 
of payload and altitude combinations 
@ Relatively low cost. 

e High reliability. 


Four Phases 


At this stage of planning, approxi- 
mately four phases are envisioned for 
the program: 
© Phase I contemplates a vehicle for 
lifting “sizeable” (several hundred 
pounds) pavloads to “moderate’’ alti- 
tudes (several hundred miles). In this 
phase, hundreds of vehicles may be 
involved to cover the broad area of re- 
search and test. This indicates a need 
for a relatively inexpensive configuration 
instead of the huge expenditure which 
would be involved if Thor or Jupiter 
IRBM boosters were used. Also, Thor 
and Jupiter IRBM vehicles probably 
would not be available in sufficient 
quantities to meet BMTS Phase I re- 
quirements. 

Industry feeling is that, for Phase I, 
tooling available for off-the-shelf solids 
might be used, with necessary modifica- 
tions fed in to create both boosters and 
successive stages. 

One example of a space vehicle fitting 
Phase I requirements might be cluster 
of Sergeants coupled to successive stages 
embodying clusters of even smaller 
rockets. 

@ Phase II would be an extension of 
Phase I, utilizing a vehicle affording 
much higher performance, such as lift- 
ing pavload of several hundred pounds 
to several thousand miles. This phase 
conceivably would require at least Thor 
or Jupiter as booster. 

© Phase III essentially would be asso- 
ciated with lunar research and test, in- 
volving relatively small pavloads with 
larger booster than in Phase II. Atlas 
or Titan is indicated as booster for this 
phase. 

@ Phase IV would comprise “lunar 
plus” capability, possibly for operations 
involving braking on approach to, and 
landing on, moon's surface, and for re 
search and test bevond lunar region. 
This phase also would involve relatively 
small payloads but larger boosters than 
in Phase III. 
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Another approach to the overall pro- 
gram involves use of common pavload 
and top rocket sections with use of 
increasingly larger boosters as research 
and testing phase requirements increase. 
Feeling among industry is that com- 
plete adherence to this approach, as 
well as to the latter phases of the four- 
step projected program, is inefhcient 
because mass ratios (weight of stage at 
ignition to weight of stage at burnout) 
become unfavorable as larger boosters 
are used. For the latter phases of the 
BMTS program, opinion is that it 
might be more efficient to use a com- 
pletely new vehicle design to match 
the specific needs of research and 
testing. 


Program's Future Uncertain 


Future of BMTS program is some- 
what uncertain. Program primarily has 
been sponsored in the past by Air Re- 
search and Development Command, 
but is not funded. It is likely that 
implemention of BMTS will have to 
await decision of Advanced Rescarch 
Projects Agency, which already has ad 
vanced ideas to Air Force that modify 
the concept. 

Main aspects of the program still to 
be determined, include: 
eGovernment agency that will have 
cognizance of the program, probably 
ARDC’s Ballistic Missile Division or 
Defense Department’s new Advanced 
Research Projects Agency. 

@ Whether all phases envisioned for 
BMTS should be implemented or if 
just initial vehicle configuration should 
be authorized. 

elf contracts should be awarded on 
the basis of proposals which already 
have been made by some industry seg- 
ments, or whether awards will be based 
on new compctitions. 


ARDC Request 


If BMTS is funded and the program 
implemented, ARDC’s Ballistic Missile 
division probably will request that it 
be given overall management of the 
project even though it has not been 
a strong proponent for the program 
in the past. Its philosophy has been 
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BMTS vehicles would use missiles such as 


I hor-Able 


re-entry and moon test rocket. 
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i Sa a cc nel . 
The new Diaphlex Thermo-Arming Relay is designed 
to close a circuit positively, and with high reliablity, 
with the application of 3 to 4 volts, AC or DC poten- 
tial. 

The Thermo-Arming Relay has been qualification 
tested for performance, in accordance with the specifi- 
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cations below, including shock, vibration, acceleration, 
performance at extreme and varying temperatures 
and pressure altitude, salt spray, humidity, and stor- 
age at varying ambient temperatures. Detailed test 
reports by Inland Testing Laboratories are available 
upon request. Cook P/N 666-1960. 


Less than 0.1 ounce 


re actin an eran y ss 7n sinaeesees* 258: Tie C. to +85° C. 
; cess of 75M’ 


Cook Electric Company 


2700 SOUTHPORT AVE., CHICAGO 14, ILLINOIS 
DIAPHLEX—Aircraft Components and Accessories. COOK RESEARCH LABORATORIES—Basic & Applied Research. INLAND TESTING LABORATORIES— 
Qualification, Environmental, Reliability and Radiation Testing. MAGNILASTIC—Expansion Joints and Large Scale Metal Fabrications. WIRECOM—Wire 
Communication Protection & Distribution Equipment. ELECTRONICS SYSTEMS DIVISION—Engineering and Production of Electronic Gear. AIRMOD 
—Modernization, Modification, and Repair of Aircraft. NUCLEDYNE—Engineering and Design of Highly Complex Type Facilities. CANADIAN 
DIAPHLEX. LTD.—Aircraft Components and Accessories. CINEFONICS, INC.—Motion Picture Production. 
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that the most important, and probably 
bulk of tests would be conducted more 
efficiently with the missile with which 
the test payload was associated—for ex- 
ample, that it would be most feasible 
to check a specific guidance system on 
the missile for which it is designed, 
rather than on a BMTS vehicle, since 
the test vehicle might not truly simu- 
late the missile itself. Wisdom of the 
contemplated BMTS program is ques- 
tioned seriously by many in industry 
for this specific reason. 


Concept Requirements 


However, there are numerous require- ¢ TELEMETRY DECOMMUTATORS 
ments under the BMTS concept which * ELECTRONIC COMMUTATORS 
would not be directly associated with * TEMPERATURE TRANSDUCERS 


ballistic missile development, and some 


segments of industry contend that the * TEMPERATURE-MEASUREMENT SYSTEMS 
program would be amply justified in POWER SUPPLIES 


this respect. Apparently, question re- 


solves itself ad to whether the research Request injormation THERMOCOUPLE REFERENCE JUNCTIONS 
and testing not directly associated with | about the products DATA-PROCESSING SYSTEMS 

ballistic missile development would | jissed and discover 

Aga ’ CRITICAL TEMPERATURE 


justify the creation of a family of spe- 


cific missile configurations to carry out Arnoux’s Precision MONITORING SYSTEMS 
miscellaneous research and development in Electronics. * TEMPERATURE ALARM SYSTEMS 


as well as that directly concerned with 
ballistic missiles themselves. 

Because solid propellants are being ARNOUX CORPORATION 
looked upon with increasing favor for | 11924 WEST WASHINGTON BOULEVARD, LOS ANGELES 66, CALIFORNIA 
missile application, many in industry Sales Offices:  LosAngeles, Dallas, Great Neck (N.Y.), Seattle, Bryn Mawr (Pa.), Armprior (Ontario, Conade) 
feel that the simplicity of these units, 
their reliability, general ease of han- 
dling, and smaller group of people re- 
quired for preparation and firing, might 
accelerate the adoption of solids, par- 
ticularly in the early phases, for a ve- 4 e ® 
hicle which could be used advantage- ; injature ime 
ously under the BMTS program. 
BMD’s Minuteman program, now be- 
ing pushed energetically to create a Delay Rela YS. 
simple and effective intermediate range 
ballistic missile, might possibly con- 
tribute a family of solid propellant con- 
figurations which could easily meet the 


demands of the BMTS program, even 
for advanced stages. 

















Research and Testing 


Fields likely to be included in BMTS 
program of research and testing 
Ballistic missile components, such as 
guidance and control systems, miscella- 
neous valves, fuel system and propulsion 
system pumps, nose cones, and warhead 
fusing for altitude detonation. Propul- | ELECTRONIC 


sion system as such would not be | TMM grime Delay Range. . Ah 100 ree often Gees tam 


checked in a BMTS vehicle. @ Accuracy @ Accuracy jan’ ® 

¢ Human factors. Engineering tests Life ,000 . elite. semonae operations. min. 
could be performed on equipment for to 30 Vv, 18 to 30V, DC 
; d f- he ‘hicle @ Weight 2.2 ounces @ Weight .7 ounces 
mannec out-o -atmosp rere = VEN ICcies, — Range —65°F. to +250°F. @ Temperature Range —65*F. to +165°F. 
medical experiments could be per- @Vibration. . 10 to 80 CPS .06 in dbl. @Vibration. 10— 12, 80 CPS .06 in dbl. 

. . . amp “4 amoptituce 

formed with small animals or with 80 to 2.000 CPS at 29 g ; BO to 2.000 CPS at 206’s 
other living organisms. @ Applicable Specifications. . MIL-E-5 @Applicable Specifications. .MIL-E-5272 


eHigh altitude experiments. This PWEC) WHEATON ENGINEERING CORP. 
would include heavy payload instrumen- 920 MANCHESTER ROAD, WHEATON, ILLINIOS 
tation fired to “reasonable” altitudes 
and probably lighter payloads to very 
high altitudes at very high speeds. 
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@ WEIGHT SAVING... Approximately 90% lighter than former electric drive. 
@ SIMPLICITY... Fewer parts, greater inherent reliability. 


@ AUTOMATIC TENSION CONTROL... Hydraulic sensing device eliminates unscheduled 
disconnects. 


@ FASTER RESPONSE... Low-inértia hydraulic motor can be started, stepped, reversed 
instantaneously (144 revolutions between full speed in opposite directions). 


@ EXPLOSION PROOF... Without added weight. 


bi cfm te 4 cet a 
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Why Flight t Refueling-1 


ICKERS. Hydraulics 
on Hose Reel Drives 


To obtain optimum performance of in-flight refueling equipment, Vickers Incorporated 
has worked closely with Flight Refueling, Inc., in adapting the inherent advantages of 
hydraulics to this tactically important air-weapons concept. The significant results of 
their combined efforts are enumerated above. 


The use of Vickers hydraulics has broadened the scope of in-flight refueling applica- 
tions. The automatic sensing device and fast response of the hydraulic motor prevents 
disconnects. Commercially, the hydraulic system permits bigger payloads and extended 
flying range. For more information, contact the nearest office listed below. Write 


for SS-1010. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division « Engineering, Sales and Service Offices: 
ADMINISTRATIVE and ENGINEERING CENTER | TORRANCE, CALIFORNIA «+ 3201 Lomita Boulevard 
Department 1462 + Detroit 32, Michigan P.O. Box 2003 + Torrance, California 
Aero Hydraulics Division District Sales and Service Offices * Albertson, Long Island, N.Y., 882 Willis Ave. 
Arlington, Texas, P.O. Box 213 + Seattle 4, Washington, 623 Sth Ave. South + Washington 5, D.C., 624-7 Wyatt Bidg. 


Additional Service Facilities at: Miami Springs, Fle., 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit, TELETYPE: "ROY" 1149 © CABLE Videt 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., itd.—Great West Road, Brentford, Middx., England 


Engineers and Builders of Oil Hydraulic Equipment Since 1921 
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New Test Tools Needed for Space Age 


One of the best indications that manned hypersonic and orbital flight 
is near is the sharp reduction in transonic and supersonic testing in the 


U.S. during the past year. 


The rather large number of big transonic and supersonic tunnels built 
by government agencies, aircraft firms and private research groups in recent 
years have not been receiving their expected utilization in the past 12 


months or so. 

Main reason is the cancellation of 
many of the supersonic aircraft projects 
that were under way two years ago and 
more advanced systems that are now 
under study. This rapid advance in 
feasible speeds for manned aircraft and 
the apparently unforeseen increase in 
their cost have left wind tunnel and 
research facility operators with two 
primary problems: 

e Operating on the reduced revenue 
from present facilities and financing the 
new facilities needed to stay in business 
during the next 10 vears. 

e Deciding exactly what these new test 
facilities should be. 


Modification Costs 


The seriousness of the first question 
for most operators is typified by Cor- 
nell Aeronautical Laboratory's experi- 
cnce with its newly modified high speed 
tunnel. The modification alone cost 
$2.25 million. It permits testing of 


large models in the 8 x 8 ft. test sec- 


tion through the transonic range and 
up to about Mach 1.4. 

During the first year of operation 
after this modification the tunnel was 
running at the somewhat outstanding 
utilization figure of about 5,000 hr. 
of testing time per year. This required 
a 24-hr. operation and rather large staff 
to handle the necessary model work, 
tunnel operation and data reduction. 
About one year ago this pace began to 
taper off. 

The tunnel is now on a one-shift 
basis and is operating at about 1,000 
to 1,200 testing hours per year with a 
reduced staff. 

As the tunnel is being amortized over 
a six year period at an expected rate of 
2,000 hr. per year, some adjustments 
probably will be made in the amortiza- 
tion rate. The present low rate of 
utilization also affects the amount of 
money the laboratory has to apply 
toward new facilities. 

This situation is almost universal and 
compared to 18 months ago, test time is 
casy to obtain in almost all supersonic 
tunnels in the U. S. The Southern 
California Cooperative Wind Tunnel 
owned by several aircraft companies 
and operated by the California Insti- 
tute of Technology recently completed 
a major modification similar to one at 
Cornell Lab. 
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A large tunnel complex also was com- 
pleted a short time ago at Air Research 
and Development Command's Arnold 
Engineering Development Center at 
Tullahoma, Tenn. These new tunnels 
plus new company owned high-speed 
tunnels like those at Boeing, Convair 
and North American, and existing high 
speed facilities at National Advisory 
Committee for Acronautics laboratories, 
Wright Air Development Center, and 
several universities, leave the transonic 
and supersonic tunnel picture some- 
what saturated. 

Most of these tunnels are receiving 
a respectable amount of utilization but 
are not being run at maximum capacity. 
Some of the tests being conducted are 
of a basic nature and even though 
basic studies are useful, they probably 
would not be scheduled if more new 
design work was available. 

While a substantial number of these 
transonic and supersonic tunnels prob- 
ably will always be necessary, they seem 
to have been overbuilt generally. ‘This 
recent miscalculation of testing require- 
ments is giving those who must direct 
the construction and operation of test 
facilities more than the usual concern 
for the future. 


At present no one seems certain of 
exact types of experimental equipment 
that will be necessary 10 years from 
now. Many industry officials indicate 
that space laboratories are needed, but 
they often are not clear about the de 
tails of such a laboratory. 

In addition, many available types of 
hypersonic and advanced environmental 
and structural facilities are relatively 
small and inexpensive compared to the 
larger supersonic facilities that have 
been built privately. This has lead to a 
“backyard” approach in many testing 
activities concerned with advanced flight 
problems. 

This “backyard” approach is giving 
a large number of people a better un- 
derstanding of high speed and high 
temperature problems, but it probably 
will not be adequate to see the industry 
through all hypersonic aerodynamic, 
structural and environmental tests. 

The main problem of the private, 
not-for-profit and government testing 
groups is to select the types of larger, 
more expensive facilities that can fill 
the holes left by the smaller equipment, 
which cannot obtain data with realistic 
scale effects. 

Most of the larger facilities that have 
been considered have inherent limita- 
tions also, and it is again problematical 
as to how long they will be commer 
cially useful. 

Much of the military and industry 
thinking about “space” laboratories con- 
cerns facilities that will give realistic 
conditions for studying radiation ef 
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CAL wave superheater provides test periods measured in minutes at high Mach numbers. 
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Source: AGARD Report 132 by E. O. Pearson, Jr.; and Aviation Week. 


fects, vibration, accelerative loadings, 
intense light and complete darkness, 
pressure, temperature and other en- 
vironmental problems. 


Centrifuge Facilities 


A number of large centrifuges are 
available for studying human reaction 
and structural and systems behavior 
under various accelerations. Probably 
the most advanced human centrifuge 
is the Navy one at Johnsville, Pa., which 
is operated in conjunction with a large 
computer in order to simulate the ex- 
act flight programs proposed for future 
aircraft. Scott Crossfield has ridden 
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this centrifuge, for instance, to acquaint 
himself with the actual G forces he 
will face on flights in the X-15. 

Rapidly alternating vertical accelera- 
tions that may be experienced by pilots 
during re-entry from a satellite orbit 
into turbulent air also are being simu- 
lated, using a seat that travels rapidly 
along a vertical rail or cylinder. Very 
low-pressure chambers for testing pilot 
equipment, auxiliary equipment, and 
physiological reactions also are numer- 
ous. 

New facilities being mentioned by 
human factors and structural engineers 
include high speed particle accelerators, 


adapted to simulate radiation effects, 
and rooms in which the intense con- 
trast between light and shadow in 
space can be simulated. Some of these 
radiation problems are probably in the 


same category with weightlessness, 
which up to now cannot be simulated 
properly on earth. For much testing 
with regard to space flight, a laboratory 
in space itself is the only answer. 

The many hypersonic flow and struc- 
tural problems that must be answered 
before man fully utilizes the propulsion 
power now available to him will re- 
quire a wide variety of test facilities. 

An excellent run down of present 
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BEAMING A MESSAGE 
FROM A PATCH OF SKY... 


Typical 28 foot paraboloidal 
antennas as used in a Philco 
8,000 mc forward scatter sys- 
tem with diversity. 


Philco Pioneers a New Science of Super High-Frequency Microwave Communications 


Philco is pioneering in the development of new electronic communications tech- 
niques . . . so reliable that transmission of messages is virtually unhampered by 
extremes of weather, vandalism or electronic jamming. 

Called ‘“‘tropospheric forward scatter’, this new microwave system literally 
excites an umbrella of electrical turbulence in the earth's lower atmosphere. This 
phenomenon of the troposphere causes the sky to act as a transmitter when excited 
by a radio beam. 

Super high frequency microwave signals (in the 8,000 megacycle range) are 
beamed at a spot in the troposphere then refracted back to earth in a “‘scatter”’ 
pattern and picked up by the receiving station hundreds of miles away. 

Forward scatter enables high frequency signals to leap mountain ranges . . . span 
large bodies of water . . . even follow the earth's curvature beyond the horizon. 
This new technique enables the use of portable receiving equipment . . . a tre- 
mendous advantage for military tactical communications. 

In an extreme National Emergency, tropospheric forward scatter could well 
become our only dependable communications medium. 

At Philco, human resources, plus ultra-modern facilities add up to amazing 
versatility and gigantic capacity. Current activities include research and develop- 
ment in such fields as missiles and guidance, weapons systems, electronic computers, 
infra-red, advanced radar techniques, communications and navigational systems. 
In the wonder world of advanced electronics, look to the leader. Look ahead . .. 
and you'll choose Philco! 
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PHILCO 


GOVERNMENT & INDUSTRIAL DIVISION 


4720 Wissahickon Ave. 
Philadelphia 44, Pa. 


To meet the challenge of advancing tech- 
nology, support the rapid expansion of scientific 
education. At Philco, opportunities are 
unlimited in electronic research and engi- 
meering—transistor § circuit applications— 
computer logic design, test and evaluation 
and input-output equipment design. 
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CAL tailored-interface tunnel’s reflected shock wave technique gives longer test times. 


hypersonic test techniques and equip- 
ment is available in the NATO Ad- 
visory Group for Aeronautical Research 
and Development’s (AGARD) Report 
132 by E. O. Pearson, Jr., of NACA. 
his report outlines the capabilities and 
limitations of each technique and the 
tvpe of problems for which each is 
suitaLle (see table). 

Probably the most important point 
concerning high speed testing above 
Mach 4 or 5 is that no single technique 
or device is able to simulate free flight 
conditions completely. Various parts 
of the problem must be studied 
separately, and considerable skill must 
be used to correlate this data into a 
complete, correct picture. 

Orlinary wind tunnels cannot simu- 
late free flight conditions because the 
stagnation temperature of the air at 
about Mach 5 is seriously close to the 
melting point of existing tunnel con- 
struction materials. The large pressure 
drop that occurs in the tunnels also 
makes liquefaction of tunnel air a 
problem. Wind tunnels then are able 
to hold the correct Mach number and 
somewhat applicable Reynold’s number 
and are useful for stability and contr-] 
work, drag studies and most other prob- 
lems except those that require duplica- 
tion of the flight temperatures above 
about Mach 4. 


Flight Temperature Studies 


One of the primary tools being used 
for heat transfer studies and other 
studies that require correct flight 
temperatures and enthalpy is the shock 
tube. The shock tube itself is adequate 
to Mach numbers of about 3 but it 
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may be used with a nozzle to reach 
much higher figures. The primary limi- 
tations of the shock tube tunnel are 
very short testing times and an inability 
to simulate Mach number, enthalpy 
and Reynold’s number at the same time. 
Either Mach number and enthalpy or 
Reynold’s number and enthalpy can be 
maintained. 

Shock tubes have been used by many 
investigators to study high temperature 
gas effects and flow characteristics about, 
and heat transfer to, various simple 
small scale shapes. Other experimenters 
have worked with “cold” shock tubes 
that employ helium as a test fluid. In 
this work flight enthalpy is not pro 
duced but flow characteristics about a 
model are simulated up to Mach num- 
bers as high as 20. Problems of oper 
ating high temperature equipment are 
avoided in this way and one portion of 
the flight problem can be easily studied. 

A large number of “hot” shock 
tunnel modifications have been tried 
which are designed primarily to increase 
the available test times. Shock tunnels 
generally create a gas flow of precisely 
known characteristics and their ac- 
curacy in reproducing data is very good. 

One -of the most recent rehnements 
in shock tunnel design, which increases 
the available testing time of conven 
tional equipment up to 25 times the old 
figure, has been placed in use by Cornell 
Aeronautical Laboratory. This device, 
called the _ tailored-interface shock 
tunnel, also reduces the attenuation 
problem of large length-to-diameter 
ratio tunnels. 

A primary problem of designing shock 
tunnels is that long shock tubes are 
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FILLER CAP” 


Ana. * 


simplifies 
design-procurement! 


It’s the key to a wide range 
of pre-tooled filler caps and 
components. Units adaptable 
to aircraft, missile, ordnance 
and other activity fueling 
systems. Many combinations 
direct from stock. Why 
duplicate? Write for your 
guide today! 


SsPrE_EcCco 


(Stee! Products Engineering Co.) 
DIVISION OF KELSEY-HAYES COMPANY 
SPRINGFIELD, OHIO 


ANTENNAS 


Circular and rectangular parabolix 
antenna with reflector tolerances to 
meet the most rigid specifications 
fabricated to order 





Consult our 
Engineering Staff 
in pre-designing 
Stages of any 

project at 

No Obligation! 
or development 


CABINETS 


Precision construction 


your exact specification of 
cabinets and consoles for 
electronic equipment 


WASHINGTON 
ALUMINUM CO. Inc. 


Dept. 175, Baltimore 29, Md. Circle 2-1000 


Circle Number 116 on Reader-Service Card 183 











Circle Number 117 on Reader-Service Card 


did you say | 
“MASS TRAINING IN LESS TIME?” 


That's right! | said mass training in less time. Tests prove 
individuals learn 35% more and remember 55% longer 
through the use of visual aids. In this day of atoms and 
missiles and flights to the moon the visual aid is an indis- 
pensable tool in communicating ideas to masses quickly. 
Wilding specializes in creating visual aids that startle, 
challenge, persuade and TRAIN as no other medium can. 
Our staff of technicians is ready to research, write, develop, 
implement and deliver complete visual training programs 


on any subject. 


WILDING PICTURE PRODUCTIONS, INC. 


*CHICAGO “NEW YORK *DETROIT *LOS ANGELES 
CLEVELAND CINCINNATI PITTSBURGH TWIN CITIES 
* Studio Facilities 


AIRCRAFT 
TUBING 


CARBON « ALLOY « STAINLESS 
Tailored to your needs—emergency 
and small quantity requirements 
from warehouse stocks—production 
and special uirements from our 
own mill at Adrian, Mich. 

Serving the Aircraft industry for 38 years! 
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needed ahead of the nozzle so that a 
long pocket of high temperature gas can 
build up behind the shock and a corre- 
spondingly long testing time can be ob- 
tained. But the longer the tube the 
greater the attenuation of the shock 
wave and the less accurately the proper- 
ties of the gas in the test section can 
be estimated. 

It is dificult to answer this problem 
by using a very large diameter and short 
length for the shock tube because of 
structural problems. 

The Cornell tailored-interface tunnel 
uses a reflected shock wave technique to 
provide relatively long test periods with 
a short tube and little attenuation. 

The tube on this tunnel is 28 ft. 
long, and some tubes with shorter test- 
ing times are 200 or 300 ft. long. 


Testing Time 

Normally the testing time of a shock 
tunnel is limited to the time interval 
between the arrival of the incident 
shock at the nozzle and the arrival of 
the wave generated by the reflection of 
the incident shock from the nozzle and 
interface between the high pressure 
driving gas and the low pressure driven 
gas. If the driver and driven gases are 
at the same pressure and velocity the 
reflected shock can pass through the 
interface without creating any additional 
waves and the test time is prolonged. 
Proper tailoring at each Mach num- 
ber is achieved by mixing helium and 
hydrogen at specific temperatures. By 
heating the hvdrogen driver gas to 
1000K., full temperature simulation up 
to Mach numbers of 20 or 22 is re- 
ported possible. 

Increases in test up to 25 times 
normal are possible if a supersonic con- 
vergent-divergent nozzle is placed at 
the diaphragm station that separates 
the high pressure driving gas froma the 
low pressure driven gas. If this nozzle 
is not used, test time increase amounts 
to about 8 times normal. The penalty 
for the longer times is that a different 
nozzle must be used for each Mach 
number desired, and more power is 
required. 


Temperature Tunnels 


One of the most important problem 
areas is in providing high temperature 
tunnels large enough to take reasonably 
sized structural models and test them 
for relatively long periods (minutes). 
NACA has completed a 9 by 6 ft. 
thermal structures tunnel at Langley 
Field which has a stagnation tempera- 
ture limitation of about 660F. Air for 
tl.is tunnel is heated in a pebble heater. 
Smaller tunnels using hot ceramic 
heaters have a general limit of about 
2,500K. Electric arcs or plasma jets can 
reach stagnation temperatures corre- 


sponding to high Mach numbers but the 
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plasma flow does not simulate the ex- 
pected air flow in any way. 

One device called a wave superheater 
has been financed by the Air Force 
Office of Scientific Research and built 
by the Cornell Lab. It will provide a 
test period of minutes and have a one 
foot square test section. It will have the 
same general flow characteristics and 
limitations as a shock tunnel except 
for the longer testing time. 

Equipment with these capabilities are 
extremely important for structural work 
during the next few years. 


Superheater Utilization 

The wave superheater is essential; 
a large number of shock tubes attached 
to the outside of a large rotating drum. 
During each revolution of this drum, 
the shock tube is charged with low 
pressure gas, which then is driven into 
a nozzle and directed into the test sec- 
tion. During every cycle each tube also 
is flushed with a cleaning and cooling 
gas. 

A small superheater has been in use 
for some time at Cornell to test the 
operating principles. The larger ma- 
chine will allow virtually unlimited test- 
ing times for structural specimens in 
flow that accurately simulates hyper- 
sonic heating rates, flow patterns and 
temperatures. It will rotate at about 
2,600 rpm. and the temperature varia- 
tion around the rotor will be about 30 
to 40 deg. The rotor will be preheated 
to 650F before the tunnel is started. 

Che limiting factor in this tunnel’s 
operation is the amount of helium gas 
it will use. In 7,200 seconds of oper- 
ation it will consume about 2.5 million 
cu. ft. Availability of this gas is critical 
and consumption is closely regulated. 
Also, storage problems can become of 
major importance when testing times 
are long. 


Test Section 


The nozzle of the test section fed 
by the wave superheater’s rotating drum 
can be cooled and used for adequate 
lengths of time, but they will erode and 
have to be replaced often. 

Rocket models will undoubtedly be 
used for many years to come to pro- 
vide much valuable information under 
correct test conditions. But they still 
have scale problems, are relatively 
costly, provide somewhat limited data 
from each shot and preclude close 
observation of flow phenomena. 

Ballistic ranges have been improved 
greatly over the last few years and new 
light gas propulsion schemes have re- 
placed older gas and explosive-powered 
guns. They have been useful at rela- 
tively low hypersonic speeds for de- 
termining skin friction drag, total drag, 
boundary layer conditions, and dynamic 
qualities of basic shapes. 
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PRODUCTS 





MULTI-CONDUCTOR CABLES for MISSILES and ELECTRONIC APPLICATIONS 


Combining the light weight, superior dielectric prop- 
erties, heat resistance and solvent resistance of 
teflon*insulated conductors with the tough abrasion, 
temperature and solvent resistance of a woven 
nylon jacket, nylon finished, a cable has been made 
available that is particularly suited for use in mis- 
siles and electronic applications. 





Individual wires having silver plated copper strands, insulated with teflon suitably 
in accordance with MIL-W-16878B, Type E, are cabled together and jacketed 

with a tough nylon braid with a nylon finish applied overall. 

Available in various conductor sizes as required or in combinations of sizes consistent 

with standard manufacture. 





Cables may be shielded with #36 tinned copper braid applied directly over the nylon 
braid and jacketed with a nylon braid or extruded PVC applied overall. 


MULTI-CONDUCTOR CABLES OF THERMOCOUPLE MATERIALS 


‘For permanent conduit installations, 

"wire cables are constructed to customers’ specifico- 
tions. Wlustrated LEWIS Part PFN-9, a six pair, 
| #16 solid iron-constantan (JX) cable with individual 
conductors PVC insulated and color coded white 
and red, twisted together then cabled with a #36 
tinned copper shield woven overall and finally ) 
3/64 inch black PVC jacket applied over the shield- 
ing braid. A center core of asbestos fibers is used 
es an aid in forming the cable into a rounded 
contour. 





Any thermocouple material may be made into such multi-conductor cables, or if de- 
sired, a cable combining electrical wires and thermocouple wires may be designed to 
fit your requirements. Cables to withst nvir H diti of severe temperature 
extremes, moisture and abrasion are propered with shielding braid on single or paired 
conductors or with an over-all shielding. Tell us of your requirements. 





HIGH TEMPERATURE CABLE... 

Suitable for operating temperatures up to 650°F with nickel-clod copper conductor and 
laminated insulation having superior dielectric strength and moisture resistance. In 
AWG sizes 22 thru 4/0. In accordance with MIL-C-25038. 


EXTRA FLEXIBLE CABLE... 

High Temperature and Moisture Resistant Electrical Cable. Lewis “EXFLEX” Cable, single 
ond multi-conductor, superior for circuits on hinged or pivoted parts. Resistant to 
ebrasion and temperatures to 500°F. 


THERMOCOUPLE WIRE AND EXTENSION WIRE... 

In iron-constantan, copper constantan, and chromel-alume!l to Mil specifications or 
in custom constructions. Twisted and shielded, cabled, shielded and jacketed. Multi- 
pair cables, shield and jacketed for missile applications. 


ELECTRONIC HOOKUP WIRE... 
Teflon ‘insulated silver coated ductor with insulation in stand 





accordance with MIL-W-16878B. Types E and EE. 
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YOU HAVE 1-MILLIONTH OF A SECOND TO ANSWER! 


Athena, the Univa® Ground Guidance Computer 
for the Air Force ICBM TITAN is a fast thinker 
— phenomenally fast. 

At each point in its powered flight, there are 
an infinite number of paths the missile might fol- 
low. Only one represents the optimum trajectory. 
Athena must, therefore, make decisions involving 
months of human calculation in split seconds. An 
infinitesimal error could cause the missile to com- 
pletely miss its target. Traveling at speeds up to 
15,000 miles per hour, the missile continually “asks” 


IMMEDIATE OPENINGS FOR: 
SYSTEMS ENGINEERS — Advanced FIELD SERVICE ENGINEERS—Two 


degrees in Engineering, Physics or Or more years field experience on 
Mathematics with systems and logical radar, TV and, or data-processing 
Jesign experience On digital data equipment 

processing systems 


_ Athena ‘“‘Which way?’ — and faced with untold 


millions of possible answers, the computer instantly 
gives the right one. 

Fast thinking... the result of hard thinking and 
hard work on the part of Univac scientists and engi- 
neers. Univac is proud of the work these men are 
doing. Im both the military and commercial fields, 
Univac offers experienced scientists and engineers 
full recognition of their achievements and an un- 
limited future in the field of electronic computers. 

Investigate the opportunities described below. 


RADAR ENGINEERS—E. E.'s or 
Physicists with five or more years 
experience. Knowledge of pulse-radar 
and electronic counter-measure 
devices 


COMMUNICATION ENGINEERS- 
E. E.'s or Physicists with five or more 
years experience in cammunications 
and compatible systems 


Address replies to: MR. R. K. PATTERSON, Dept. 3-13 


Remington. Fland. Univac. 


DIVISION OF SPERRY RAND CORPORATION 


®@ Registered in U. S. Patent Office Univac Park « St 


Paul! .16, Minnesota 


ATLAS launching complex will be utilized for space vehicles using the ICBM booster, such as the Pied Piper satellite. 


Canaveral Supports Space Exploration 


Only a year after the first test firing of the first U.S. intercontinental 
ballistic missile, the Air Force Missile Test Center is well on its way into its 
role of supporting the exploration of outer space. 


For six months this $400 million 
complex of range and test facilities has 
been the take-off point for U.S. satel- 
lites. Within the next few months the 
center will serve as the launch site for 
the first tentative probing into lunar 
space. 


Center Has Dual Role 


Not far behind will come the test 
vehicles for reconnaissance satellites, 
bio-satellites and man’s attempts to 
reach out to the realms of the nearer 
planets. 

All this has been imposed on top of 
its rapidly expanding burden of support- 
ing tests of medium and long range 
missiles for all three services. 

This double role has brought about a 


75% expansion in personnel and operat- 
ing costs in two years’ time. With its 
location relatively near the equator and 
in a position to take advantage of the 
earth's rotation by launching space ve 
hicles eastward, its role of “space port” 
will continue to expand as rapidly as its 
missile testing function. 

The Missile Test Center, under the 
command of USAF Maj. Gen. Donald 
N. Yates, is the largest and most in- 
tricately instrumented range complex 
in the west and perhaps in the world. 
It is a center of the Air Research and 
Development Command. 

It consists of 225 separate parcels of 
real estate scattered along the central 
part of Florida’s eastern shoreline and 


strung more than 5,000 mi. southeast 
ward across the Atlantic Ocean to 
Ascension Island, below the bulge of 
the West African coast 
Main parts of the center are 

e Patrick Air Force Base, an 1,822-acre 
installation on the site of the old Banana 
River Naval Air Station. This houses 
the center’s headquarters and its ad 
ministrative, engineering, logistics and 
aircraft operations 
© Cape Cannes Auxiliary AFB, 15 
mi. north of Patrick. This 14,51 3-acre 
triangle of sand and palmetto is Range 
Station No. 1 of the Florida Missile 
rest Range, and the launch site for all 
the center's missile firings. In addition 
to its landing-strips, concrete launching 
pads, service towers and blockhouses, 
it is the site for central control of the 
range, radio transmitters and receivers, 
telemetry receivers, missile assembly 











AZUSA impact predictor uses phase comparison technique to track ballistic missiles. Antennas are arranged in form of cross. 
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Whether your creep problem is sagging socks 
or stretching struts, the result is pretty much the same: 
Things don’t hold their shape the way they should. 
Garters we don’t have. But we do have new titanium 
alloys which offer a rare combination of excellent 
creep resistance plus light weight (density 0.163 Ib/cu. in.), 
great tensile strengths (to 175,000 psi), 
and outstanding corrosion resistance. 
UNDER CONTINUOUS STRESS: In bar and forging stock, there’s Ti-8A1-1Mo-1V. 
Its short-time elevated temperature properties are similar 
to Ti-6A1-4V, one of the most widely used titanium alloys. 
Creep can ruin Yet “8-1-1” offers as much as a tenfold increase 


in creep strength between 600° F, and 1000° F. This means 


° that, for an equivalent stress level, Ti-8A1-1Mo-1V 
your best designs! raises the effective operating temperature /50° F. 

In sheet stock, there’s Ti-4A1-3Mo-1V, 
which offers excellent formability because of good tensile 
elongation, bend ductility, and low yield strength 
in the solution-treated condition. Yet this alloy can be 
heat-treated to strengths of 175,000 psi. 

At Toronto, Ohio, Titanium Metals Corporation 
of America is now operating the world’s only plant designed 
and instrumented solely for rolling and forging titanium. 
With this facility, TMCA can furnish you 
the best quality metal, on the fastest delivery schedule, 
at the lowest possible price in the industry today. 


FREE: 


Send for 
TMCA Data Sheets 


® 
describing physical 
and mechanical properties, oft e y 
\ heat treatment methods, 
and other useful 


\ information about the new ‘TITANIUM S CORPORATION 
creep-resistant alloys. OF AMERICA 


233 Broadway, New York 7, N. Y. 


SALES OFFICES: NEW YORK « CLEVELAND « CHICAGO « DALLAS « LOS ANGELES 
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CLOSE-UP of Atlas pad shows launch stand, blockhouse, missile assembly area (hangar-type) buildings in far background 


buildings, guidance laboratories, a 75- 
ton per day Air Products, Inc., liquid 
oxygen plant, optical and photographic 
tracking equipment, and support build- 
ings such as the power station. At its 
south end a deep-water port is being 
completed to handle ocean going ves 


t - 


sels involved in Navy's Polaris fleet 
ballistic missile program. 

e The range itself, consisting of 11 
major downrange tracking stations, one 
on the Florida coast and the rest on 
island of the Bahamas and West 


Indies and out to Ascension: a dozen 
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small telemetry 
stations scattered 


ind optical tracking 
ilong the mainland 


and manned only during tests; and 11 


ocean vessels that bridge the 
3,450 mi. gap between St. Lucia Island 
Station 10) and Ascension (Station 12 


The eleventh station, on the island of 


rang¢ 








— 
J 
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Left to right: 1 Containers (5,000 psi), 2 Relief Valve, 3 Check Valve, 4 Priority Valve, 
5 Pressure Reducers, 6 Filter, 7 Solenoid Valves. 


Six minutes at 600 degrees F....or for shorter periods up to 
1000 degrees! That’s the life expectancy of these and more than 
100 other qualified pneumatic system components which Kidde 
has on an off-the-shelf basis. If you are developing pneumatic 
equipment for missiles or manned aircraft which involve high or 
low temperature applications, write Kidde today. 


Kidde’s available, proven pneumatic components plus Kidde’s 
years of experience with pneumatic systems can save you many 
hours — and dollars in development effort! 


Walter Kidde & Company, Inc., Aviation Division 
618 Main Street, Belleville 9, N. J. 


District Sales Engineering Offices: - : Walter Kidde-Pacific, Van Nuys, California 
Dallas, Tex.—Dayton, Ohio—St. Louis, Mo. Walter Kidde & Company of Canada Ltd. 
Seattle Wash.—Van Nuys, Calif.—Washington, D. C. Montreal—Toronto—Vancouver 
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Fernando de Noronha 300 mi. off the 
Brazilian coast, is being completed now. 
In addition, a Minitrack station has 
been installed on the island of Antigua, 
north of St. Lucia, to monitor Van- 
guard and Explorer satellites. 


$10 Million Payroll 


Although it has been only eight years 
since the first missile was fired from 
Cape Canaveral and only five years 
since the center became operational, 
payroll for military and civilian govern- 
ment employes (plus a few small ex- 
penses) totalled $9,670,000 in a recent 
month—up more than $3 million from 
the same month in 1957. Annual op- 
erating costs run at about $100 million. 

Population of the center now stands 
just below 17,000. This breaks down 
to 2,800 military; 2,500 civil service; 
4,000 missile contractor personnel, and 

,300 range contractor personnel. Since 
the center’s growth began there also 
have been several hundred construction 
contractor personnel in the area. 

Pan American World Airways, Inc., 
is the principal range contractor, taking 
care of the housekeeping duties and 
running a downrange airline out of 
Patrick to service the tracking stations. 

Radio Corp. of America, as sub-con- 
tractor to Pan American, operates and 
maintains most of the instrumentation 
at Canaveral and along the range, and 
performs engineering and data reduc- 
tion work at Patrick. 

Range and _ contractor personnel 
breakdown by locatioi.s is: 

e Patrick AFB. Pan American, 1,000; 
RCA, 1,600; missile contractors, 480. 

¢ Cape Canaveral. Pan American, 2,- 
100; RCA, 590; missile contractors, 
3,500. 

e Downrange. Pan American, 1,170 
RCA, 580; missile contractors, about 
70. 

The range has grown step by step 
to meet the needs of missile contrac- 
tors. Sites as far downrange as Station 

on Grand Turk Island have been 
operating for 44 years to support firings 
of the tactical Martin Matador and 
Northrop Snark intercontinental cruise 
missile. 

Station 8 in the Dominican Republic 
was not activated until late in 1956, as 
the increasing range required in Snark 
tests made it necessary. 

By the time that Army Jupiter and 
USAF-Douglas Thor intermediate range 
missiles came into the test firing stage 
last spring, stations were ready for them 
as far downrange as early tests called 
for the missile to go. 

The lonely downrange sites are 
manned by an average of 80 to 180 
civilian technical people. Size, location 
and composition of the station depends 
on the type and quantity of the tracking 
instrumentation called for. 

A typical station includes a pair of 
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‘Bendix- Pacific 


MOST COMPLETE SOURCE FOR 


TRANSMITTING AND RECEIVING 
TELEMETERING EQUIPMENT 


TWO Fm/FM 
RECEIVING 
STATION SYSTEMS 


TGRS-100 Stations are designed for either real 
time reception and demodulation or demodulation of 
tape recorded data. Plug-ins, subcarrier band selec- 
tion, provides complete flexibility in the use of this 
equipment for in-plant, field installations and related 
applications. 

TGRS-600 Stations are used for extremely pre- 
cise demodulation of FM/FM subcarrier signals on 
all standard bands through use of a single band- 
selector switch. 

This equipment is particularly suited for labora- 
tory use in data reduction and handling facilities 
where’a high order of accuracy must be maintained, 

Both types of systems may be equipped 
with wow and flutter compensation and 
automatic calibration features. 


THREE TYPES 
OF SUBCARRIER 
OSCILLATORS 


Silicon Transistor Strain Gage and Voltage 

Controlled Oscillators 

These oscillators are capable of high temperature 
performance and provide low power drain, long life and high 
reliability under extremes of shock and vibration 

Germanium Transistorized Voltage Con- 

trolled Oscillators 

Low temperature capability, extended life, accu- 
racy under extremes of shock and vibration and low power 
drain are features of these frequency modulated units. 

Vacuum Tube Oscillators — Bridge and 

Voltage Controlled 

Bendix-Pacific offers a complete line of vacuum 

tube oscillators proven by years of use in the mis- 

sile and aircraft field. An enviable record of in- 

flight performance under extreme conditions 
has been established. 


In addition to items shown 


above we will be glad 
to send complete data on 
all Bendix-Pacific aaeese 8 Bivis ta 
Telemetering Equipment. er moe cent nea engead eaee 





Enos Conse (Eastern Reprecentstive) P.O. Box 391, Wilton Dexton, 
Ohio: 120 West tnd Wathington. D . C2 Suite 803, "Sores nh" Street, haw WwW. 

Distributors: Computing Devices of Canada, Ottawa 4, Ontario 
Export Division: Bendix International, 205 E. 42nd Street, New York 17, New York 
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new ‘invisible’ light 


spots approaching aircraft 


A new aircraft proximity warning system developed by Decker Corp. uses Modulated Light 
to detect the approach of aircraft from any direction from as far away as 5 to 7 miles. 
Planes are able to establish their relative positions in plenty of time to avert collision. 


Light transmitted by the modulating technique as it is now developed cannot be seen 

(when transmitting with invisible infrared or ultraviolet), jammed, or intercepted by any 
known means. Modulations are produced by transmitting light through a thick plate of glass 
set in ultrasonic plastic vibration. The vibrations alter the optical properties of the glass, 
varying the polarization of transmitted light. Accessory polarizer and quarter wave plates 
permit several types of modulation. Reception is accomplished by means of “‘tuned-in”’ 
sweep mirrors, photoelectric cells, and demodulating equipment. 


The potentials of modulated light go far beyond aircraft warning systems. Its uses extend 
to the entire field of communications . . . especially where silent, invisible, jam-proof 
communications are required. Inexpensive and uncomplicated light modulating equipment 
can be used to transmit secret information over considerable distances without fear of 
detection. If you’d like to find out more about the exciting potentials of modulated light, 
we’d welcome an opportunity to demonstrate the technique to you. 


a ———-* ata 


THE DECKER | CORPORATION Bala Cynwyd, Ponnsyivania 
or San Francisco 18, West Coast Engineering Div. 


3522 Geary Street 
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radars to track and record the missile’s 
position; a telemetry receiving station 
to pick up the bulk of intelligence from 
the missile in flight; communications 
and a command transmitter to control 
or destruct the missile; a timing gen- 
erator, and a weather observation sta 
tion. Stations near impact areas also 
maintain photographic equipment. 

Each station has one Air Force off- 
cer in command, plus a civilian com 
mander. The rest of its complement 
is contractor employes. Each station 
must be self-sufficient, maintaining its 
own food, medical, fire, security and 
recreation services and motor pool, and 
often relying on rain catch basins for 
its water. Nine have small airfields. 

The eleven electronic picket ships, 
operating out of South American and 
African ports, range from 350 to 3,500 
tons and carry special telemetry anten- 
nas and receiving and recording equip- 
ment. 

The center’s 42 aircraft include a 
specially-equipped B-17 that flies the 
range before a shot, sweeping it with 
radar and relaying the radar return to 
the Central Control Building on the 
Cape; and a C-131 interference moni- 
toring aircraft that watches the dozens 
of radio frequencies used in tests. 

Cape Canaveral’s landing strip will 
accommodate C-124 Globemasters and 
the Douglas C-133. Missiles are as- 
sembled and checked out in the indus- 
trial area, composed of 17 large, hangar- 
like buildings. 

Contractors now active at the Cape 
include Martin Co. (Titan and Mata- 
dor), Douglas Aircraft Corp. (Thor), 
Lockheed Aircraft Corp. (Polaris), Boe- 
ing Airplane Co. (Bomarc), Convair 
Division of General Dynamics Corp. 
(Atlas), Northrop Aircraft, Inc. (Snark), 
Fairchild Engine and Aircraft Corp. 
(Bull Goose), North American Aireralt 
Inc. which has just completed its initial 
Navaho program; Chrysler Corp. (Red- 
stone and Jupiter) and a number of 
component contractors such as General 
Electric, Avco and Rocketdyne. 

Three main launching areas mark the 
Cape’s coastline. Smaller missiles in- 
cluding Matadors used in operational- 
training firings, are launched from a 
battery of simple pads at the Cape’s tip. 
To the south are Redstone, Jupiter, 
Thor, Vanguard and Navaho areas, and 
along the northern side are four Atlas 
pads, four Titan complexes now under 
construction, and an underground in- 
stallation for the Polaris ship motion 
simulator-launcher. 

So far, space vehicles have not called 
for appreciable modification of launch- 
ing and servicing equipment. Van- 
guard has its own pad and tower, and 
Explorer satellites, launched with the 
Jupiter-C test vehicle, have used ex- 
isting Army facilities. 

Servicing of the Thor-Vanguard 


> 
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VERSATILITY 


ROCKET PROPELLED TEST VEHICLES 
@ STRUCTURES @ MECHANICAL DESIGN 


@ AERODYNAMICS @ MANUFACTURING 


@ PROPULSION SYSTEMS @ FIELD TESTS 


IRCRAFT 
RMAMENTS, INC. 





ow — reduce cleaning costs and maintenance time with Wyandotte’s 
N complete line of specialized cleaning products for use in airline 
modification and maintenance, and aircraft manufacture. Many of 
these are special compounds meeting government specifications. For 
additional information on any of these proven products, call your ex- 
perienced Wyandotte service representative—or mail coupon. Wyandotte 
Chemicals Corporation, Wyandotte, Michigan. Also Los Nietos, Calif. 
Offices in principal cities. 


Ce Wyandotte CHEMICALS _ :. ». Foro vivision 


SPECIALISTS IN AIRCRAFT-CLEANING PRODUCTS 


eee em a MAIL COUPON TODAY! aa aw = @ 


Wyandotte Chemicals Corporation 

Dept. 3055, Wyandotte, Michigan 

Please send information on: 

C) Aluminum Cleaners [] Electro-cleaners [] Paint-Booth Compounds 

[) Aluminum Brighteners [] Carbon Removers [_] Dimensional Etching of 
Magnesium Cl . [] Deoxidizers Aluminum and Magnesium 

[} Steel Cleaners [] Paint Removers [] Floor Absorbents 

[) Fuel-Tank Desealants [] Emulsion Cleaners [] Barrel Finishing Compounds 





Nome 


Firm 








City ~— _Ione___ State. 
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Only Lockheed has 3 jet trainers in production: the 


USAF T-33, in which 9-out-of-10 U.S. jet pilots were 
trained; the T2V-1, U.S. Navy's first carrier-based jet 


trainer; and the tandem-seat trainer version of the F-104 


STARFIGHTER —world’s fastest, highest-flying jet aircraft. 


Present military thinking indicates 
that supersonic manned combat 
aircraft will continue to play a vital 
role in our U.S. defense plans for as 
far as we can now foresee into the 
Space Age. Because this is true, 


there will be an accompanying need 
to train pilots and crews for these 
aircraft, and to maintain their pro- 
ficiency at high levels. 

The low cost two-seat F-104B 
STARFIGHTER is the world’s fastest, 


highest-flying operational jet trainer 
plane— ideally suited for the train- 
ing of U.S. Air Force Space Age 
pilots of the future, to whom 
supersonic speeds and stratospheric 
flights will be daily routine. 


LOCKHEED means leadership 


LOCKHEED AIRCRAFT CORPORATION, CALIFORNIA DIVISION: Burbank and Palmdale, California 


JET FIGHTERS « 


JET TRAINERS «+ 
AIRBORNE EARLY-WARNING AIRCRAFT * 


LUXURY AIRLINERS * 


PROP-JET TRANSPORTS 
ANTI-SUBMARINE PATROL PLANES 
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combination known as Thor-Able was 
accomplished from a Thor tower. Fur- 
ther modification of IRBMs and 
ICBMs, however, might call for spe- 
cial equipment or changes in existing 
service towers, ground handling equip- 
ment, trailers, etc. 

Air Force’s lunar probes, for instance, 
will consist of a Thor topped by an 
Aerojet second-stage Vanguard engine, 
topped by a third stage and nose cone. 

Since Thor test vehicles carrying 
components of Pied Piper reconnais- 
sance satellite, and later the planetary 
probe vehicles, will be fired from 
Canaveral, a great deal of thought has 
to be given not only to the added 
workload but to the peculiar handling 
and tracking requirements of these 
vehicles. 

Nerve center for control of firings 
from the Cape is the Central Control 
Building. Pan American’s superintend- 
ent of range operations heads a team 
consisting of RCA communication, in- 
strumentation and_ interference-moni- 
toring managers; PAA’s range clearance 
manager; an Air Force weather fore- 
caster and range safety officer; the air- 
craft coordinator, and the missile proj- 
ect officer. 

Range instrumentation includes high 
speed cameras and theodolites, two 
Doppler velocity and position systems, 
the 500-in. focal length ROTI camera 
for photographing missiles in flight up 
to 200 mi., other telemetry and radar 
systems, and the Azusa impact pre- 
dictor system, which employs elec- 
tronic phase comparison techniques to 
determine position of ballistic missiles 
cut to altitudes of several hundred 
miles. Azusa measures direction cosines 
to an accuracy of two parts per million 
and can detect changes in position of 
15 to 30 ft. up to a range of 500 miles. 

Four telemetry antennas allow the 
range to cover the 5,000 mi. trajectory 
of a ballistic missile. The system in 
use now collects as many as 250,000 
data points on as many as 175 separate 
functions per flight. 

Radar tracking data from downrange 
is fed back to the Cape via submarine 
cable, and information necessary for 
control during flight goes directly into 
an IBM 704 computer. 

At the end of a flight, data is reduced 
automatically in other computers and 
processing facilities and translated into 
a Flight Test Report for the service or 
contractor whose missile has been fired. 

In addition to its testing, test support 
and evaluation missions, and its new 
space support mission, AFMTC also 
has responsibility for organizing and 
training military crews in checkout, 
maintenance and firing of production 
line missiles. Matador, Snark and 
Bomarc units already have been trained 
there. = 
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New high pressure gauge passes 
25 G “torture test’’ with ease 


This photograph shows vibration testing of RMC-Lindsay gauges on the 3200 force pounds Calidyne 
Vibrator—1 to 25 G output, amplitude .0001 to .20, cycling frequencies to 2,000 cps. Pressurizing and 
testing are uniquely accomplished so as to parallel actual! installation conditions. Complete test reports 
are available on request. 


RMC-LINDSAY GAUGE 


already checked out in 
Atlas missile and B-52 


MODEL #6901 
(ACTUAL SIZE) 


The Atlas ICBM and B-52 bomber are two of the newer space age vehicles to use 
the RMC-Lindsay high pressure gauge. In both laboratory test and actual use, this 
gauge has met all requirements with room to spare. 

The RMC-Lindsay Gauge is a multiple-coil, helical bourdon tube type, restricted 
for over-pressure. The pointer is attached directly to the end of the coil, eliminating 
the use of linkages and pivots. 

The helical bourdon element is, of course, not a new development. However, the 
RMC-Lindsay techniques in coiling, heat treatment, calibration and material 
specifications are new—and exclusive with RMC. 


PRESSURE RANGE: Pressures in ranges 0 to 1,000 p.s.i. up to 15,000 p.s.i. with 
retard scales available. OVERLOAD PRESSURE: Nominal overload pressure 
factor of 2.0 times the maximum dial reading (higher factors available). BURST 
PRESSURE: Normally 3.0 times the maximum dial reading. TEMPERATURE: 
Not affected by temperatures up to 250°F. V/BRATION: Qualification test report 
available on pressure tests showing cycling, vibration, from 0 to 2000 cps. at 25 G’s, 
and resonant frequency vibration tests at 25 G’s. SHOCK: Data available on 
MIL-E-5272A shock test at 40 G’s (satisfactorily drop tested up to 900 G’s in 
special tests). PULSATION: Practically unaffected by line pulsations of 3% of the 
full dial reading. ENDURANCE: 10,000 cycles up to 250,000 cycles, depending on 
application. ACCURACY: Hysteresis friction and backlash are below readable 
limits. Absolute gauge accuracy to 114% average, 1% when requested. 

Whatever your high pressure gauge problems may be, why not let RMC engi- 
neering skill provide the answers. Write to either of the addresses below. 


ROCHESTER MFG. CO. OF CALIFORNIA 
93 Beacon Place, Pasadena, California 


ROCHESTER MANUFACTURING CO., INC, 
" 221 Rockwood Street, Rochester 10, N. Y. 
\\' ’ " 
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Decided Advantages for 


MISSILES AND AIRCRAFT 
Ground Support Equipment 


MIEHLE-DEXTER 
3-LOBE ROTARY 
POSITIVE BLOWERS 


ABOVE—JET AIR STARTER 


M-D Blowers supply air in continuous flow at 
high pressures for unlimited engine starts. 


RIGHT—CABIN LEAKAGE TESTER 


Fast, accurate pressure testing of cockpit and 
fuselage is assured with M-D Blowersa 





BELOW—AIR CONDITIONING 

To supply conditioned air for missiles and air- 
craft during ground checkouts, M-D Blowers 
provide flows up to 200 lbs. per minute, pres- 
sures up to 70 psig. 





More capacity and wider pressure ranges per cubic foot of 
space occupied are significant reasons why Miehle-Dexter 
3-Lobe Rotary Positive Blowers have been the standard for 
years for mobile aviation ground equipment. Another 
important factor is the substantially lighter weight. But most 
important of all is the dependable performance under the 
most severe operating requirements you can expect from 
M-D Blowers. The performance figures are convincing. 
May we send them to you? 


Important advantages 
in pressure range, 
size, weight, 


cost, service! 


MIEHLE-DEXTER DIVISION, RACINE, WIS © TELEPHONE MELROSE 4-5521 «* Another Product of MIEHLE-GOSS-DEXTER, Incorporated 
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FLIGHT test control building, Naval Air Missile Test Center, Pt. Mugu, Calif., is used for combat information center type operations. 


Vital Role Set for New Missile Range 


By Russell Hawkes 


Launch sites and range facilities in the loose-knit confederacy of the 
Pacific Missile Range are slated for important missions in military tech- 


nology and the advance into space. 
Notable ones will be: 

e Launching of polar orbit satellites, 

including military reconnaissance de- 

vices. 

e Training of first USAF ballistic mis- 

sile squadrons, including actual firings 

e Training and confidence shots of 

Navy's entire missile arsenal by opera- 

tional fleet units. 

@ Research and development flights of 

Navy cruise missiles and advanced small 

and middle-sized rockets. 

Pacific Missile Range is the Navy-led 
tri-service administrative agency charged 
with coordinating all West Coast mis- 
sile activities which cannot be confined 
within the boundaries of a single mili- 
tary reservation. In other respects, 
Cooke AFB and Navy missile ships us- 
ing the range retain their autonomy. 

Naval Air Missile Test Center at Pt. 
Mugu, which is the nucleus of PMR, 
and the newly commissioned Naval 
Missile Facility-Pt. Arguello are the 
only full-time PMR bases, being di- 
rectly under the command of the Pacific 
Missile Range commander, Rear Adm. 
Jack P. Monroe. 

Pt. Arguello is seen by Navy as a 
base for all services and civilian space 
agencies, but the degree of usefulness 
to other services is not vet clear. Army 
lacks a suitable West Coast launch site 
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and small rocket range. Navy has asked 
$3.6 million to support Army firings 
in next vear’s budget. USAF has Cooke 
AFB to use as site for operational, train- 
ing and research firings of ballistic mis- 
siles, satellite reconnaissance vehicles 
and research rockets, but lacks a good 
West Coast range for small air-to-air 
and air-to-ground missiles and instru 
mentation for the bigger shoots. 


Neither Army nor Air Force has cur- 
rent plans to use Arguello. Navy is seek- 
ing space research projects to commence 
firing at Arguello sometime after 
spring of 1959. Base should be in full 
operation by the end of 1960. 

Proximity of PMR bases to Southern 
California aviation and electronics in- 
dustries which supply many of the na 
tion’s missiles may lead Army and Ai 
l‘orce to do some testing of small and 
middle-sized missiles there rather than 
at eastern or inland bases 

Bases in the Pacific Missile Range 
complex are favored by geography for 
some space research, peacetime strategic 
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AIRSPACE situation map at Pacific Missile Range complex showing proposed control areas. 
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General Electric Announces New Constant-speed Unit 
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BALL 
PISTON 


DRIVE 


BALL 


S) Mechanical simplicity of the slip drive contributes 
to higher efficiency and reliability. 


RACE olL 


OUTLET 


OIL 
OUTLET 


Ball pistons, moved outward as cylinder block rotates, 
are forced in on pumping stroke by eccentric race. 


ONLY 3% INCHES IN LENGTH AND DIAMETER, NEW DRIVE IS 
IDEAL FOR NARROW-SPEED-RANGE ENGINE APPLICATIONS 


General Electric’s new hydraulic “slip” 
drive achieves startling size and weight 
reductions in constant-speed drives. 
A current design for a 12-KVA genera- 
tor, for example, is one-sixth the weight 
of any other drive yet announced, and 
one-half the length. 

pased on General Electric’s proven 
ball-pump design, the slip drive is 
ideally suited for applications where 
engine speed range is under 30%; foz 
example, in helicopters, turboprons, 
air-breathing missiles andy drones. 
While increased efficiency is realized 
with these narrow speed ranges, the 
drive is also capable of covering wide 
speed ranges. 

INCORPORATES PROVEN DESIGN 

Drive simplicity—ball-pump design 


has a minimum of moving parts—as- 
sures optimum operational character- 
istics and reliability. While the slip 
drive is a new product, its basic com- 
ponents have been extensively tested 
during four years of General Electric 
hydraulic constant-speed drive opera- 
tional experience. The new unit is 
essentially the output half of the con- 
ventional ball-piston drive. It possesses 
the same advantages of mechanical 
simplicity and light weight since the 
ball pistons replace cylindrical pistons, 
connecting rods and bearings. 


SIMPLE OPERATION AND CONTROL 
The unit’s cylinder block, which con- 
tains the pumping pistons, is driven at 
input-shaft speed; the movable race is 


Manufactured by General Electric's Aircraft Accessory Turbine Department, Lynn, Massachusetts 


Progress 's Our Most Important Product 


GENERAL @@ ELECTRIC 


connected to the output shaft. As input 
speed exceeds desired generator speed, 
a flow-control valve bleeds hydraulic 
fluid, permitting the output race to slip 
and keeping load at constant speed. 

Steady-state generator frequency 
control of + .1% is achieved by’an elec- 
tric governing system. The control 
senses generator frequency and posi- 
tions the flow-control valve to suit 
power requirements. 


If you’d like more information on 
General Electric’s new slip drive de- 
sign, just fill out and mail the attached 


| Section A231-23, General Electric Co. 
| Schenectady 5, New York 


| Please send me “Slip Drive” bulletin, GEA-6824. 


| C) Immediate project [] Reference only 


| 

| NAME 

; POSITION 
| COMPANY 


city 





AIRVIEW of Cooke AFB showing buildings being rehabilitated at cost of $100,000,000. 


missile and _ reconnaissance satellite 
shots. Mugu and Cooke-Arguello are 
located at opposite ends of a 100 mi. 
stretch of coast northwest of Los An- 
geles and on opposite sides of Santa 
Barbara. The shoreline runs straight 
west from Santa Barbara to Pt. Arguello 
where it turns straight north. 

I'he naval missile facility is located 
there on the south 20,000 acres of 
Army's old Camp Cooke. Cooke AFB 
is immediately adjacent on the north 
64,000 acres of the old Army reserva- 
tion. From this position on a right- 
angular point of land it is possible to 
fie long range rockets over the Pacific 
Ocean on any course from south to 
west by northwest without endangering 
population centers. 


@ FACILITIES 


Launch to the north or south is ob 
viously necessary to establish a satellite 
in a polar orbit. No other existing U.S 
base can use these directions and onl) 
a polar orbit offers the chance of scan 
ning the entire surface of the earth 
within 12 hr. Any military reconnais 
sance satellite such as that expected 
to grow out of the WS-117L program, 
is likely to require a polar orbit to 
cover the northernmost regions of the 
Soviet Union. 

Use of satellites for meteorological 
research or routine weather data collec- 
lection is likely to involve Pacific Mis- 
sile Range because of the advantages of 
1 polar or near-polar orbit for produc 
ing a synoptic picture of world weather 

From the standpoint of performance 


THEODOLITE station on San Nicolas Island used for tracking missiles. 
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y¥ QUALIFICATION TESTS 
v¥ EVALUATION TESTS 
y PERFORMANCE TESTS 
vy ENVIRONMENTAL TESTS 
¥ AND OVERHAUL FACILITIES 


AIRCRAFT 
EQUIPMENT 
TESTING 
COMPANY, Inc. 
1812 FLEET STREET 
BALTIMORE 31, MD. 
For estimate, call Harry Kupiec 
at ORleons 5-2222 
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required of the propulsion system, the 
t Al Vi a 0 fi M t a TA L polar orbit is unattractive because no 
1,000 mph. boost is supplied by rota- 
tion of the earth, as in the case of west- 
T E ST C a A M i . is 7 to-east equatorial orbit. Because of this, 


Pacific Missile Range is unlikely to be 
assigned lunar probe launchings or fir- 
ings into more distant space. 
recently installed for missil These more advanced space research 
component testing at an aircraft projects will fire as close to due east as 
plant. Temperature range possible with the given mission to get 
— 150° F. to + 650° F., the advantage of the rotational boost. 
humidity 20% 10 98% , This makes the Atlantic missile range 
altitude to 120,000 at Cape Canaveral the logical choice 
ping - for a launching site. 
heat tintaitien es ‘When 10,000 mi. missiles and boost- 
— 100° F. glide bombers similar to Dynasoar reach 
the flight testing stage a westward 
launch may be found desirable to mini- 
mize actual range, while simulating 
polar or eastward flights of much greater 
range. Impact areas in the Pacific Ocean 
are available to the west of Cooke AFB 
and Pt. Arguello which could not be 
reached from White Sands or Canaveral 
without overflying major cities. 

To the East, PMR bases are sepa- 
rated from the desert only by sparsely 
settled mountains. This makes it pos- 
sible to launch cruise missiles and 
smaller rockets inland. 

Pacific Missile Range was created 
when it became apparent that the two 
existing major ranges at Cape Canaveral 
TEMPERATURES: F. to -- 1000° F. UP and White Sands would be inadequate 


for planned firings because of saturated 


HUMIDITY: | 20% to 98% schedules and lack of long range cor- 


ridors to the south and west. The Sec- 
ALTITUDE: | TO 400,000 FT. retary of Defense’s Committee on 
Adequacy of Range Facilities was ap- 
pointed a year ago to find a solution, 
Conrad designs and builds environmental test chambers exclu- and recommended the creation of PMR. 
sively. Our full resources of research, engineering, and manufac- Navy wes chcsen to manage it be- 
cause the Naval Air Missile Test Center 
at Pt. Mugu offered a fully established 
wae ’ nucleus around which PMR could be 
to accurately evaluate missile and air- : organized. Also Navy was only service 
? without management responsibility for 
a major missile range. New range was 
trolled conditions of temperature, i _ formally conceived by a Defense De- 
noe . re partment directive on Dec. 7, 1957. 
humidity, and altitude. 38 standard 4 a ; Twelve-year-old Mugu has an instru- 
mented sea range 500 mi. long by 250 
mi. wide with 18,000 acres of land, in- 
models to your specifications. Conven- g ae cluding a chain of off-shore islands 
lent field offices near you “= which are used for launch pads and in- 
. strumentation sites. 
In the current fiscal budget, $21 mil- 
7 lion have been allocated for construc- 
WRITE FOR DATA Bk tion of PMR facilities. Arguello will 
ss i | receive $10 million of this and the re- 
mainder will be spent on instrumenta- 
tion along the coast and at San Nicolas 
Island, the major offshore installation. 
4 CU. FT. Conrad capacitor coefficient test Construction program will spend $150 
ing chamber. Fully portable, with all equip- million in the next four or five years. 
ment self-contained. Tempercture — 73° Work will begin at Arguello in July. 
SUBSIDIARY OF C. to + 150° C, ge peng’ and 7; rae, ate 
is held by Aerojet-Genera avy has 
CRALEPTON EPS. CO. asked $34.1 million for PMR in the 
amendment to the Fiscal 1959 budget. 
JEFFERSON SQUARE, HOLLAND, MICHIGAN Another $100 million is being spent 


144 CU. FT. Conrad chamber 








turing are devoted to producing those facilities which permit you 


craft components under precisely con- 


models from 4 cu. ft. size up, special 
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LIGHTWEIGHT 
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missile support 


systems 


The mobility problem in cooling elec- 
tronic equipment in vans and for mis- 
sile pre-launching has been answered 
by new AiResearch Freon air condi- 
tioning units. One-fourth the weight 
and one-third the size of conventional 
equipment, these lightweight, air- 
transportable units utilize highly 
efficient AiResearch Freon compo- 
nents (see diagram) originally 
developed for commercial aircraft 
applications. 

Heat source for the circuit can be 


Systems, Packages and Components for: 


AIRCRAFT, 





either electrical, or exhaust gas from 
an AiResearch gas turbine. When the 
gas turbine assembly includes an 
alternator, it supplies 400 cycle power 
to run both the refrigeration unit and 
all electronic gear in the van. 

Easily operated manually or auto- 
matically, this compact air condition- 
ing unit provides from 5 to 12 tons 
cooling capacity and up to 85,000 
Btu's per hour heating capacity. It 
operates on 400 cycles, 208 volts. The 
unit shown stands 54” high, 52” wide 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICE 








SPECIFICATIONS 
Performance Data 

Typical operation — cooling 
Refrigerant Freon 12 
Evaporator tonnage 75 
Ambient temperature 100F 
Condenser air flow 5000 cfm 
Condensing temperature 131F 
Evaporator air flow 1230 cfm 
External distribution 

ducting pressure drop 2in HeO 

Evaporating temperature 48F 
Electrical power 26KVA 


and 27” deep, with a charged weight 
of only 452 lbs.! Your inquiries are 
invited. 


N MAJOR CITIES 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 
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THE MISSILE MEN 


From the earliest Assyrian “artillery missile”—with 
the flint-tipped warhead and hawk feathers for a 
guidance system — the fate of nations has been in 
the hands of the missile men. 

Today, our strength in military missilery may hold 
the key to survival. 

Martin based its long-range planning on that proba- 
bility in 1946 with the development of one of this 
nation’s first successfully operational guided mis- 
siles. The result is the fota/ missi/e concept. 
Under this concept, far more is involved in missile 
system contracting than the design and produc- 
tion of hardware: 

The testing, packaging, delivery, maintenance, 
launching, operation, field training and contractor 
service requirements make up the fofa/ story of 
missile performance...in the air, and operated by 
the military personnel. 

The heavy demands of our country's greatly accel- 
erated missile and space development programs 
now emphasize the importance of Martin's total 
capabilities as a major resource for the military 
and astroscientific branches of the government. 
Among those capabilities are three plant facilities 
which include the newest and most advanced 
missile development centers in the world. 

Also part of these Martin capabilities is one of 
the great U. S. resources in manpower: More than 
3,000 specialist engineers, trained and teamed 
in the tota/ missi/e concept. 

This is one of the few systematically organized 
companies of genuine Missile Men in the country. 
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PILOTS! 
AIRPORT on 
IT 


FLYING 
DIRECTORY Avanos 


$5 


pus FIRREE ruw-size, ruut-coior 


COAST AND GEODETIC PLANNING CHART 
SAVE YOURSELF 
TIME, TROUBLE AND EXPENSE 


Now get this indispensable cross-country 
flying aid that has won wide acclaim among 
multi-engine chief pilots; charter and air 
taxi pilots; instructors and fixed base oper- 
ators and thousands of business and pleas- 
ure pilots. You'll find in the Directory many 
of the cross-country flying items you've al- 
ways wanted in one source; and handy 
pocket size makes Directory quick-and-easy 
to use for pre-flight planning or in the air 
enroute. 

AIRPORT FACILITIES 

Complete facilities and services of over 
6,000 airports listed by city and state. State 
maps show principal airport locations. 
FLIGHT INFORMATION 

Air navigation radio aids frequencies. 
Flight weather and communication station 
phone numbers. 

Out of country entry and exit requirements. 
ADIZ Map. 

RECOMMENDED MOTELS/HOTELS 
Exclusive list of motels and hotels at or near 
airports including distance from airports, 
prices and airport pick-up and delivery 
service. 

BUYING SPECIFICATIONS 

Aircraft, navigation and communication 
equipment illustrations and specifications. 


See your local operator or mail coupon today’ 
AIRPORT & BUSINESS FLYING DIRECTORY | 
330 W. 42nd Street, New York 36, N.Y. | 
Please rush my copy of the AIRPORT AND ! 


BUSINESS FLYING DIRECTORY and my free four- | 
color coast and geodetic planning chart 


NAME 





ciTy 





$5.00 enclosed [Fj $5.00 check enclosed [1D 
Bill me FJ 


| 

| 
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4-WAY SOLENOID SELECTOR 
VALVES— PNEUMATIC 


4-WAY SOLENOID SELECTOR VALVES—HYDRAULIC 


AUTOPILOT SERVO AMPLIFIERS — PNEUMATIC 


3-WAY SOLENOID SELECTOR VALVES—HYDRAULIC 


MEMO TO AIRCRAFT AND MISSILE DESIGNERS: 


Call on Tactair for dependable 
hydraulic and pneumatic components 





Does your job include the design or procurement of hydraulic and 
your j of P y' 
pneumatic components for aircraft or missile control systems? 


If so, it will pay you to investigate the adv, atages of working with 
Tactair. Solving the unusual problem, meeting ultra-critical performance 
specifications, providing precision, high-pressure, high-performance 
valves of the utmost dependability is our job. To do this requires a rare 
combination of creative engineering and specialized manufacturing skills. 
To these must be added precision equipment and long experience with 
weapons system components. Tactair has all these essentials. 


A wide variety of Tactair valves and components are performing 
essential functions in today’s aircraft and missiles. Typical components 
produced by Tactair include: solenoid selectors, brake controls, master 
brake cylinders, sequence valves, manual selectors, controllable checks, 
restrictors and check valves. Tactair has also developed a servo amplifier 
for the first completely pneumatic autopilot for business aircraft 

and is the sole producer of a commercial pitot-static tester—a portable 
laboratory of indicating instruments that makes possible the flightline 
testing of pitot and static systems in aircraft. 


We welcome the opportunity of assisting you with your next precision 
valve problem. Every job we do is done on a personalized basis; it has 
been that way for 18 years. Tactair Valve Division, Aircraft Products 
Company, Bridgeport, Pa., BRoadway 5-1000. 
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at Cooke AFB and much of the work is 
nearing cy ag Cooke is an opera- 
tional base for Atlas ICBM squadrons 
of the First Strategic Missile Division 
of Strategic Air Command. Cooke will 
also train all of USAF’s Thor IRBM 
crews, and many Atlas crews. First full 
scale Atlas for class room training was 
recently delivered. 


First PMR Thor Launch 


Cooke will launch its first Thor 
into the Pacific Missile Range this fall. 
Rritish Royal Air Force Thor crews will 
begin to arrive for training in July. Con- 
struction on Thor pads and ground serv- 
icing equipment is over 80% complete. 
Primary missions of Cooke are opera- 
tional and training rather than develop- 
mental but live training shots will prob- 
ably carry telemetry to wring the last bit 
of value from each expensive firing. 

Inland range of PMR has already be- 
gun operations. It runs from launch 
sites at Pt. Mugu or San Nicolas Island 
to the Army Dugway, Utah Proving 
Ground or the AEC test site at To- 
nopah, Nevada. Only missile now using 
the inland range is Chance Vought 
Regulus II, which began runs there late 
last month. 





Regulus runs are being scheduled at | 
the rate of one per week with Navy and 
Chance Vought administering alternate 
flights. Chance Vought has also been 
given operating contract for instrumen- 
tation of inland range. Mobile instru- 
ment vans and trucks are driven to pre- 
surveyed sites shortly before a run is 
scheduled. First run was a warhead fir- 
ing mechanism test and the missile ran 
to impact. 

Civilian operating contractors will 
have more limited scope in Pacific Mis- 
sile Range than at Canaveral because 
Navy is convinced it can handle the 
management function more economi- 
cally by itself. Operating contractors 
usually will be limited to handling such 
jobs as running transportation pools or 
operating single instrumentation ships 
and advanced base tracking sites. 

Construction at NMF Pt. Arguello 
will include only technical and training 
facilities. Living quarters and recrea- 
tion facilities for Arguello personnel 
will be at Cooke AFB or in nearby civil- 
ian communities. Roads in the Arguello- 
Cooke area are not well developed and 
the Navy facility will be largely de- 
pendent on the airfield at Cooke for 
logistic support. 

Present 4,200 ft. runway is inade- 
quate and Air Force is laying down new 
§.500 ft. strip to handle Douglas C-124 
and C-133 ballistic missile transports. 
Construction at Cooke is adminis- 
tered by Army Corps of Engineers. 

Since the primary missions at Cooke 
are wartime operational and training | 
shots rather than research and develop- | 
ment firings, the missiles will not or- 
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SPECIALISTS 
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Pressurization 
and Environmental 
OXYGEN BREATHING 
EQUIPMENT 


U.S Novy 

Full Pressure 

Suit uses 

Firewel regulator, suit controller 
and emergency oxygen supply. 





U.S Air Force Global Survival 
Kit contains Firewe! Integral 
Oxygen System, vsed with 
the Partial Pressure Suit. 
Used on the 8-58, F-102, 
F-104, F-105 and F-106 


-~ 
US Air Force 
Partial Pressure 
Suit Test Console 





Firewel oxygen breathing equipment has an enviable 
record of service on every major record flight for speed, 
height and distance, since 1952. Firewel’s engineerin 
talents, production facilities and skills serve the mann 
aircraft and missile hardware field. 


WRITE for the new 16-page Firewe! Facilities 
Brochure on your company letterhead 


THE FIREWEL Co., INC. * AERONAUTICAL DIVISION 
Aircraft Regulating Controls © Oxygen Breathing Equipment 
3685 BROADWAY e Dept. A-17 e BUFFALO 25, N. Y. 
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Where Durability, Hi-Temp Resistance Are Needed 


“Ceramo” thermocouple wire is de- 
signed specifically for severe condi- 
tions—conditions where ordinary ther- 
mocouple wire is inadequate. “Cera- 
mo” design, pioneered and developed 
by Thermo Electric, includes thermo- 
couple material conductors with ce- 
ramic insulation and overall metal 
sheathing. Use this versatile wire to 
solve your problems of high tempera- 
ture, abrasion, pressure, 
chemical or corrosive action, and dif- 
ficult installation. 


moisture, 


For a given application, “Ceramo” 
will outlast comparable standard types 
many times — with no significant dif- 
ference in response. You can form it 
to almost any shape without shorting 
or grounding — thus simplifying in- 
stallation in previously inaccessible 
spots. “Ceramo” thermocouples can 
often be used bare where protection 
tubes would ordinarily be needed. An 
enclosed hot junction “Ceramo” ther- 
mocouple will withstand pressures up 
to 40,000 psi. 


Available Materials 
Various “Ceramo” conductors are 
available for temperatures from 


—320°F. to 3,000°F. These include 
I-C, C-C, C-A, Pt. 10% Rh.-Pt., Pt. 
13% Rh.-Pt.... plus Pt. 30% Rh.-Pt. 
6% Rh. Sheathing can be selected to 
meet the requirements of many differ- 
ent ambient conditions. Standard 
sheath materials include Stainless 
types 304, 309, 310, 316 and 347; In- 
conel; aluminum and copper. Special 
sheaths are made of titanium, tan- 
talum, Hastalloy C, platinum, Monel, 
Chromel, Alumel, and copper-nickel 
alloy. 

Available Sizes 
Conductors are supplied from 36 to 
12 gage. Overall diameters: 2-conduc- 
tor types — 1/25” to 7/16”; 4-con- 
ductor types—1/16” to 7/16”. Stand- 
ard lengths: up to 30 ft. Special 
lengths: up to 60 ft. 


Write For Catalog 31-300- C 


Thermo 
Electric CO.,INC 


SADDLE BROOK, NEW JERSEY 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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dinarily be tracked beyond burnout. 
At this point the remainder of the 
trajectory is certain and the only re- 
maining information of interest is the 
exact impact point. Ships assigned or 
leased to the Pacific Missile Range will 
determine this by the Sofar technique 
which is also used at Canaveral. 

Explosive charge carried in missile 
nose makes loud noise which can be 
heard at great distances by highly sensi- 
tive Sonar in instrumentation ships. 
l'riangulation of the bearings on which 
the explosion is heard makes possible 
reasonably accurate location of impact. 

Pacific Missile Range policy is set at 
Defense Department level by a tri- 
service joint planning group. Policy is 
interpreted and over-all direction is sup- 
plied by a tri-service committee headed 
by Adm. Monroe. There will be tri- 
service specialist committees to provide 
technical policy interpretations. 

As commander of the national Pa- 
cific Missile Range, Monroe will also 
run the working staff. USAF Maj. Gen. 
David Wade, commander of the First 
Missile Division, reports a high degree 
of cooperation between his own organi- 
zation and the Navy range managers. 
Wade is also the Air Force member of 
the Washington-based joint planning 
group for the Pacific Missile Range, led 
by Rear Adm. W. E. Gentner, Jr. Army 
member is Maj. Gen. D. E. Beach. 

Inevitably, creation of the range has 
called for measures to safeguard air and 
surface trafic. As range manager, Navy 
has proposed creation of a restricted 
area over Cooke AFB and NMF Pt. 
Arguello and extending to the three 
mile limit. Beyond this, Pacific Missile 
Range will ask for a warning area where 
operations cause a hazard to air traffic. 

The Cooke-Arguello restricted area 
was originally suggested as a prohibited 
area. The change substitutes safety rea- 
sons for security reasons in closing the 
area to civil air traffic. 

Aircraft Owners and Pilots Associa- 
tion is opposing creation of the re- 
tricted area on the grounds that it will 
cut off North-South travel in cloudy 
weather by private pilots without in- 
strument capability. Many of these fol- 
low the beach in marginal weather and 
AOPA feels it would be hazardous for 
them to try the mountain passes. 

Air Transport Association is backing 
up AOPA because Los Angeles Regional 
Air Space Subcommittee is recommend- 
ing adoption of the warning area re- 
quested by the Pacific Missile Range, 
which lies across Los Angeles’ Multi- 
ple Corridor Identification System 
(LAMCIS) and extends upward from 
20,000 ft. This would Rone trans- 
pacific flights approaching Los Angeles 
to remain below that altitude and, in 
the case of jet transports, might prevent 
use of most economical altitude. 


LAMCIS approach channels are re- 
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KOHLER 
PRECISION CONTROLS 


ENGINE PRIMERS used for 


diesel engines, planes, tractors, trucks, buses 


Kohler engine primers are used by leading manufac- 
turers for many industrial applications, and by engine 
starting system fabricators. They operate efficiently 
with gasoline, diesel fuel or ethyl] ether. 

Usual causes of primer failure are eliminated by 
Kohler primers. They provide 100% displacement with 
each stroke, with steady, even flow. Ball checks in the 
body open and close alternately with each piston 
stroke. Ground seat and machined seating pin on pis- 
ton tip prevent fuel seepage when primer is not in use. 


KOHLER CO. Estoblished 1873 KOHLER, WIS. 


KOHLER or KOHLER 





“MONOBALL” 


Self-Aligning Bearings 


PLAIN TYPES 


ext A 
© ‘% ri / Compression & Tension Type 


a Aircraft cable is strung with spherical steel 
, A shells in a rigid or flexible housing sealed 
SMARACTERISTICS with “O” rings. 3” standard bend radius. 


%” minimum bend radius. 





ANALYSIS RECOMMENDED USE 
Stainless Stee! For types operating under high t . Three Types: 
Ball and Race oture (800-1200 depres F) — yP 
1. Light Duty—Compression Ult. Load 1250 


Chrome Alloy For types operating under high rodial : 
Steel Ball and Race {res loads (3000-893,000 tbs). Ibs.; Ult. tension 960 Ibs. 
Bronze Race and For types operating under normal loads 2. Heovy Duty—Compression Ult. Load 1650 
Chrome Stee! Ball with minimum friction requirements. Ibs.; Ult. tension 960 Ibs. 

3. Extra Heavy Duty— Compression Ult. Load 


‘Thousands in use. Backed by years of service life. Wide variety 
3050 Ibs.; Ult. tension 3900 Ibs. 


of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special cables. Patented U. S. A. All world rights reserved. Send 
types to fit individual specifications. As a result of thorough for ENGINEERING MANUAL giving detailed prints and 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Address Dept. AW-58. 


telipg Vitae ielelila dg ma aeR SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


Positive remote controls for actuating mechanical, hydraulic 


or other devices. Eliminate bell cranks, pulleys and dual 


complete specifications covering materials, finishes, capa- 
cities. Please address Dept. AW-58. 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


I’m sure you’ve heard about Douglas projects like 
Thor, Nike-Ajax, Nike-Hercules, Nike-Zeus, 
Honest John, Genie and Sparrow. While these 
are among the most important defense programs 
in our nation today, future planning is moving 
into even more stimulating areas. 

Working as we are on the problems of space 
flight and at the very borderline of the unknown, 
engineering excellence in all fields is essential. 


For you engineers who can help us move forward, 
opportunities are almost as limitless as space 
itself. 

If you thrive on tough problems — and there 
are many — we'd like to discuss a future at 
Douglas with you. 

Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box 620-M 
Santa Monica, California 








@ FACILITIES 


quired by Air Defense Command to 
simplify identification of incoming air- 
craft. Only remaining transpacific ap- 
proach to Los Angeles unrestricted in 
time or altitude is via Catalina. Navy 
said it is willing to work out a plan with 
airlines but ATA may refuse to fly 
under missile trajectories. 

There is no plan to create an airspace 
reservation on the inland range between 
Pt. Mugu and Army’s Dugway, Utah, 
proving ground along which cruise mis- 
siles will be tested. Proposed minimum 
altitude for missiles to overfly uncon- 
trolled airspace is 20,000 ft. Ordinarily 
Regulus I] or any other cruise missiles 
likely to be fired on the inland range 
would operate far above that altitude. 

Destruct button can be pushed by a 
range officer on the ground or by the 
es of the chase plane. Navy estimates 
vazardous fallout caused by destruction 
of a missile to be on the order of one 
chance in a million. The sea range ex- 
tends as far to the south and west as 
necessary without any significant limi- 
tation on length. PMR says ballistic 
missiles fired from Cooke or Arguello 
may cross air routes between Hawaii 
and the mainland but at such an alti- 
tude as to cause no danger to traffic. 
They will follow a track 600-800 mi. 
north of the Hawaiian Islands. 

Surface trafic also is a problem. 
Ships outside the three mile fimit are 
not subject to positive control by Navy. 
However, weekly local notices to marin- 
e1s, maritime equivalent of NOTAMS, 
will be published to warn shipping of 
planned firings and impact areas. Rou- 
tine range surveillance will keep range 
officers informed of the presence of traf- 
fic. — discovered entering impact 
areas will be radioed safe headings to 
steer on regular shipping communica- 
tion frequencies. 

Adm. Monroe estimates that in five 
years, training will constitute 25% of 
the total effort in the Pacific Missile 
Range complex but that the proportion 
of live training firings to other launches 
will be much less than this because of 
the increasing use of simulators. 

Monroe pointed out that the live 
firing actually teaches no more than that 
the missile works. The big need will be 
for simulators capable of representing a 
complete weapons system. This would 
include a fighter director position in an 
operational trainer for air-to-air rockets. 

Gen. Wade, at Cooke, agrees with 
Monroe about the value of simulators, 
but reports that USAF is not expecting 
ballistic missile training simulators in 
the near future. He suggests that what 
is needed is a simulator at the opera- 
tional launch site with the same block- 
house and guidance facilities used for 
simulated and real shots. Chief problem 
in simulator design is that of inducing 
a combat psychological situation. @ 
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ACCO 


for Better 
Values 


TRU-LOC 
SWAGED FITTINGS 


Eliminates Instrument Interference! 


e Just as we expected, many air- 
craft designers were interested in 
the recent announcement of our 
new non-magnetic aircraft cable. If 
you did not see it, ““No-mMaG”’ has 
these characteristics: 


NON-MAGNETIC PROPERTIES... 
“‘NO-MAG”’ cable is made from type 
305 stainless steel. It remains non- 
magnetic after severe cold working 
—in contrast to standard stainless 
steel aircraft cable which shows a 
pronounced increase in magnetism 
after swaging, wire drawing or simi- 
lar operations. 

This non-magnetic property of 
“‘No-MAG”’ cable eliminates instru- 
ment interference from cable mag- 
netism. 


CORROSION RESISTANCE... 

New “‘No-maG” cables have corro- 
sion-resistant qualities similar to, 
but slightly better than, cables 
made of standard stainless steel. 


GOOD THERMAL CHARACTERISTICS... 
The thermal expansion character- 
istics of new “‘NO-mMaG”’ cable are 
much closer than those of standard 
stainless steel or carbon steel cables 


to the characteristics of aluminum 
alloys used in aircraft. This greatly 
simplifies maintaining cable tension 
under various changes in tempera- 
ture. 


HIGH FATIGUE RESISTANCE... 
Preformed construction and careful 
processing give new ‘‘NO-MAG’"” 
cable high fatigue resistance. 


HIGH ABRASION RESISTANCE... 
New “No-MaAG”’ cable shows greater 
abrasion resistance than standard 
stainless steel aircraft cables. 


TENSILE STRENGTH, while lower than 
that of stainless and carbon steel, 
is sufficient to enable replacing 
these, size for size, with ‘‘NOo-MAG”’ 
on many applications where the 
characteristics of ‘‘NO-MAG’” are 
required. 

USE WITH SWAGED TERMINALS... 
Swaged terminals can be applied to 
standard AN dimensions. 


COMPLETE RANGE OF SIZES, 
CONSTRUCTIONS... New “NO-MAG”’ 
is furnished in sizes from 1/16" to 1” 
in all of the standard aircraft cable 
constructions. 


Get the compiete story on this new technical development 
for the aircraft industry. Write today to Detroit office. 


co 


Automotive and Aircraft Division 
AMERICAN CHAIN & CABLE 





601 Stephenson Bidg., Detroit 2 
2216 South Garfield Ave., Los Angeles 22 - Bridgeport 2, Conn. 
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STALKER IS PREPARED | FOR SAFETY'S SAKE 
and better work, too... / 





TO SOLVE YOUR 
PERPLEXING FABRICATION 
AND BRAZING PROBLEMS 
WITH SPECIAL SKILLS, 


Ub 
COMPLETE TEST AND IN- seiianiiib blades I ft 
SPECTION FACILITIES pot rena 7 
. slicing, trimming, ~ 
p i be 


=o 
STALKER EMPHASIZES one ee 


Typical Stalker fabrication. 
Natsie asemily of 'cimome fam WIGH TEMPERATURE = . “eg 
alloy. (Photo courtesy of Con- 

Cutting efficiency and 


tinental Aviation and Engineer BRAZING OF STAINLESS 
STEELS AND SUPER ALLOYS. tft yout ncaa Tryout 


die and sample blade as- 
| Bx ees 
U.S. AIR FORCE CERTI- BESTS TPN MEE line on request. 


CUTTING if you have any special 
nts for cutting 


FICATION FOR BOTH BRAZING ‘ays ity cll a 
DE Handierafe INC, 
AND HEAT TREAT. A division Of X-ecto, Ine. 


Long island City 1, N. Y. 

















9 8 @ 3-9 DEVELOPMENT COMPANY 
904 Woodside Avenve 
Essexville, Michigan 











Missiles and Aircraft 


PLUMBING 
ee COMPONENTS 


by Dunbar Kapple 


Engineered metal ducting and hose assemblies for the 
ecibettianinuad bbadens following: fuel lines, in-flight refueling lines, hot air 
rigid tubing assemblies de-icing, cabin air conditioning, hydraulic systems and 
from 1/4”° to 2° in diameter. ; . . 
other applications where working pressure and tempera- 
tures require the use of metal. Complete assemblies 
available with Para-Flex or Spiral-Flex sections, thin- 
wall rigid tubing and appropriate end fittings. 


For further information ... write in confidence to 
Batavia or : Russell Engineering, 2205 Grand Avenue, 
Kansas City; 2104 Westwood Boulevard, Los Angeles; 
C. F. Russell & Company, 146 4th Avenue, Bay Shore, 
Long Island; 3601 Dubsdread Circle, Orlando, Florida. 
Your inquiry will receive prompt attention. 


Swivel and Alignment Fittings can rotate 
360° in one piane after installation. Their AIRCRAFT COMPONENTS DIVISION 
use eliminates torque, mis-alignmentand 


leakage, simplifies installation. D U N BA Fe KA PPL Ee. i} N Cc. 


BATAVIA, ILLINOIS 
Phone: Batavia 5400 TWX: 2221 
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He does the mile in 2474 seconds 
...0 you can do it in 6! 


His name is André Lesieur. He’s just pushing 40. And he 
hasn’t run a mile since his schooldays. But he’s flown 
many millions of miles...at the controls of Air France 
airliners. Doing the mile in 7.4 seconds is just routine for 
André. It’s the average cruising speed of his Caravelle 
jet. Soon he'll be flying a six-second mile across the 
Atlantic (and you can, too!) in new Air France Boeing 
707 jet airliners! Captain André Lesieur has over 10,000 
flying hours, over 120 Atlantic crossings to his credit. 


But he doesn’t consider himself exceptional. All Air 
France pilots have similar records. That’s why you can 
fly in comfort with confidence on Air France. 


a 


AIR FRANCE/WORLD’S LARGEST AIRLINE 


...every 3 minutes an Air France airliner arrives or departs! 





LEADER 





IN MISSILE-AGE 


FILTRATION 


LEADERSHIP IN RELIABILITY 


® First filters having controlled maximum pore size 

® First filters having zero media migratiort* 

= First filters withstending 4500 psi differential pres- 
sure, for use without by-pass valves 


LEADERSHIP IN ENGINEERING 


APM is the only filter manufacturer with a fully inte- 
grated staff working solely on aviation filters—by far 
the largest such group in this country ~ 


Our technical skills include: 


Mechanical engineering Chemical engineering 
Filtration engineering Textile engineering 

Metallurgy Contamination control 

Colloid chemistry Environmental test engineering 
Microscopy Vibration engineering 


LEADERSHIP IN TEST FACILITIES 


= Thirty test stands operating on a variety of fluids 
including air, N2, He, JP-4, JP-5, Skydrol 500, 8515, 
OS45, MIL-H-5606, MIL-L-7808. Pumping facilities up 
to 60 H.P. and 5000 psi with a maximum flow of 120 
gpm and temperature range of —100° F to 600° F 


= Impulse testing from 0 to 6000 psi with 200 cpm max. 


AIRCRAFT PORO 


~ 


GLEN COVE, 


= Vibration equipment (MB-C10) for testing up to 50 
G’s over frequency range of 5 to 3000 cps 

= Complete efficiency testing per MIL-F-5504A and B, 
and proposed MIL-F-8815 


= Most advanced equipment for optical ‘microscopy, 
ultrasonic cleaning and testing 


LEADERSHIP IN RESEARCH 

& DEVELOPMENT 
First to develop and maintain rigid cleanliness 
standards 
First 600° F and 900° F airborne filters 
First 3 micron absolute filter, high dirt capacity type 
First integral differential pressure device 
First all stainless steel “RIGIMESH” filter element 


LEADERSHIP IN PRODUCTION ABILITY 


Our production facilities for all metal filters support all 
Century Series Fighters, Avro CF-105, Boeing B52, Con- 
vair B58, Boeing 707, Convair 880, Lockheed Electra 
and 1649 Constellation, Douglas DC-8, Martin P6M, 
Sikorsky S-61 and S-62, Atlas, Titan, Thor, Jupiter, 
Talos, Bomarc, Polaris, Hawk, Sparrow, G.E. T-58, 
G.E. J-79, Westinghouse J-34, Curtiss-Wright J-65-W-18 
and Pratt & Whitney J-75, and many others. 


US MEDIA, INC. 


( 


NEW YORK 
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VANGUARD test satellite rests atop Grand Central Rocket Co. third stage engine at Cape Canaveral, Fla. 


Avionics 








...operate the 
stabilizer 
on the new 


Lockheed 


Jetstar 


A SALUTE TO LOCKHEED for putting the new Jetstar Utility Transport into 
the air in the record time of 34 weeks! EEMCO also takes pride in having set a 
record: the design, development, testing and production of a completely new 
stabilizer actuating system for the Jetstar in but 17 weeks after receipt of contract! SPECIFICATIONS 


The Jetstar’s new EEMCO actuating system, EEMCO Type R-162, is capable of han- FOR TYPE R-162 ACTUATING SYSTEM 
dling a total operating load of 15,000 Ibs. in tension or compression on both jacks. Voltage: 28-vult DC 

It will operate Jetstar’s stabilizer many times during an average flight, therefore Stroke: prs peel ae 
hundreds of thousands of operations will be performed during the life of the unit. ttentnem teed: 16,880 the. on cosh lest, 


Reliability to the extremes of environmental conditions and ruggedness were or compression 

prime specifications. Maximum System Load: (both jacks) 15,000 Ibs. 
Ultimate Load: 50,000 Ibs. on each jack, tension 

EEMCO’s ability to produce these actuating units for Lockheed Aircraft Corporation or compression— 100,000 Ibs. total 

in record time is a result of the fact that EEMCO has specialized in the design and ears eee: Heeeeey Suiges © anak ates, 

production of aircraft motors and actuators for many years. It makes nothing else. : 

And because of high ratio of output to weight and the reliability built into all . Jacks are equipped with non-jamming stops. 

of its products, there is an EEMCO special motor or actuator on the majority of the - Single power unit drives the jacks at synchronized speed. 

latest missiles and jet aircraft now in production or in prototype stage. Please 8 Se 


note the specifications on this Jetstar component. . Motor has magnetic clutch and brake. 
Louse Inguiry “ JS, On 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 West Jefferson Boulevard, Los Angeles 16, California + Telephone REpublic 3-0151 
DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS... EXCLUSIVELY! 





@® AVIONICS 


Space Needs Spur Avionic Creativity 


Returns on this nation’s fast-growing investment in space exploration 
will depend in large part upon the ingenuity of avionics designers and manu- 


facturers. 


It is therefore fortunate that the U.S. lead over the USSR in the 


avionics field is at least as great as their lead in rocket propulsion. 

While hot arguments rage over man’s value and role in space explora- 
tion, there can be no question of the value and role for avionics. They are 
limited only by the ability to slash size, weight and power consumption while 
improving reliability by several orders of magnitude. 


With no cornfields in space for 
emergency landings, the price of fail- 
ure in navigation equipment could 
be an endless journey to infinity for 
some luckless future space vehicle pas- 
senger. 

The ability to sense, measure, and 
report back to earth on new or familiar 
phenomena that lie outside the earth’s 
atmosphere depends almost entirely 
upon avionics. 

Although the space traveler may be 
flying contact under VFR conditions, 
the seat of his pants will tell him noth- 
ing, and he will be completely depend- 
ent upon avionic flight instruments. 
Without such instruments his life may 
be in jeopardy without any obvious 
signs of danger. 

Some of the space technology prob- 
lems that challenge the avionics de- 
signer and manufacturer look decep- 
tively familiar, such as reducing size, 
But the 


weight, improving reliability. 
several orders of magnitude improve- 
ment required suggest that past ap- 
proaches will fall far short of space 
technology needs. Size, weight, power 
consumption must be slashed by a factor 


of 100. Reliability must be increased 
by at least a factor of 1,000. This will 
require fresh approaches and new con- 
cepts, as discussed in greater detail on 
p. 243 in the article on construction 
techniques. 


Managing Stored Energy 

The avionics designer, often criti- 
cized for having developed too many 
different solutions to the aerial navi- 
gation and missile guidance problem, 
will face the most challenging problem 
of his career in trying to come up with 
one space guidance system that can 
meet required size, weight, power and 
reliability limitations. 

Because an airplane consumes fuel 
continuously throughout its flight, and 
normally carries sufficient reserve, the 
aircraft navigation system designer has 
not had to concern himself with mini- 
scule errors in system accuracy or about 
such things as vehicle energy conser- 
vation. 

Until the advent of nuclear or other 
new propulsion, space vehicle naviga- 
tion accuracy will be largely determined 
by precision of initial guidance because 
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the vehicle will have little available en- 
ergy on board for corrective maneuvers, 
Under these conditions the timing, mag- 
nitude (or duration) of any mid-course 
corrective maneuver can _ irrevocably 
determine the success or failure to make 
planet-fall. Thus stored energy manage- 
ment becomes a vitally important new 
function for any space vehicle guidance 
system. 

Communications system designers, 
long accustomed to using brute force 
techniques and working with hundreds 
or thousands of watts of power to cover 
distances of several thousand miles, now 
must scale down to fractions of a watt, 
yet provide dependable communications 
over distances of millions of miles. 


New Concepts Needed 

The challenge of space technology 
already has uncapped creative scien- 
tific thinking and removed obstacles 
to concepts that would have received a 
cold military shoulder a brief 12 months 
ago. 

Wright Air Development Center’s 
Weapons Guidance Laboratory has re- 
ceived three unsolicited proposals for 
radically different types of “all-elec- 
tronic” gyros which use no moving 
parts. 

One of them holds some promise 
of providing “fantastic accuracies,” ac- 
cording to a WADC spokesman. 

Significantly, none of the three com- 
panies proposing the novel devices is 
currently in the gyro business. WADC 
already has funded one of the proposals 
and expects to award contracts for the 
other two. 

Military services are receiving a va- 
riety of space technology proposals, 
many of them unsolicited, some of 
them from companies without experi- 
ence in aerial navigation systems field. 
Military service scientists generally con- 
cede that new concept type proposals 
which might have been thrown out a 
year ago are getting their closest analysis 
today. 

Principal difficulty is in sorting out 
the “science fiction” type proposals 
from concepts that are sufficiently sound 
to warrant financial support. 

Avionic designers need not await the 
advent of interplanetary travel to find 


challenging space technology problems 
Military services are sponsoring, or look 
ing for techniques suitable for use with 
a varicty of sophisticated satellite v« 
hicles: 

¢ Communications relay—Use of satel- 
lites for passive relay stations to reflect 
line-of-sight radio frequencies half way 
around the earth is the first step. Next 
will come satellites equipped with re 
ceiver-transmitter and tape recorder 
Message received from earth will be 
taped, then played back subsequently 
upon command from the ground when 
satellite is over desired message desti 
nation. 

e Navigation—Satellites equipped with 
small radio/radar transmitter whose or 
bit is accurately known, can provide 
navigation reference for ships at sea 
aircraft, or missile guidance 

e Surveillance—Electromagnetic recon 
naissance for ECM purposes, infrared, 
visual, cloud cover surveillance are the 
most immediate applications. 

The possibility that one nation may 
seek to deny its space to another na 
tion’s satellite, means that wavs must 
be found to alter the path of U. S 
satellites once they are in orbit, to 
make enemy interception more difficult 
Wright Air Development Center cur 
rently is seeking proposals for such 
a satellite control system 


Industry Impact 


If the part is any criterion, avionic 
techniques developed to meet space 
technology problems will have wide 
spread impact throughout the avionics 
and electronics field. Although neither 
the transistor nor the digital computer 
were developed specifically to meet an 
aviation industry requirement, the needs 
of the aviation industry greatly accel 
erated their development and applica 
tion, which in turn have had widespread 
impact outside the aviation industry. 

New molecular circuitry fabrication 
techniques, which show promise of 
slashing size and weight of avionic 
equipment and giving the vastly im- 
proved reliability required for space 
technology, will be quickly applied also 
to missiles and aircraft. These novel 
techniques are also certain to spill over 
into the industrial and consumer elec 
tronics fields. 

Many of the problems of space tech 
nology will require totally new ap- 
proaches on the part of the avionics 
engineer but, in the same manner as 
the other areas of the avionic art, the 
demands made on his engineering abil 
ity, creativity and skill will continue 
to increase for all of the foreseeable 
future. 
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maintain ond contro! 
reliability 


with new 


PRE-PROGRAMMED 
INSTRUMENTATION 


NEW ROBOTESTER — IMMEDIATE AID TO 
IMPROVE MAINTAINABILITY OF 
EQUIPMENT RELIABILITY 


A bold imaginative concept has evolved from Lavoie Labs in the form 
of a Programmed Instrumentation Approach with Failure Prediction. 
Designed for the active control of maintainability and reliability of 
electronic equipment in aircraft, missile and weapon systems. 

The universal-tape programmed performance checking Robotester is 
versatile and flexible and is the basis of this forward-thinking 
Lavoie program. 

The Robotester itself expands checkout capabilities and slashes 80% 
of final test time. Operational testing and production line check out 
is accomplished through continuous, high-speed sampling and com- 
parison .. . split-second recognition, isolation and identification of 
abnormal functions. 

Nominal circuit values and specified tolerances are tape-punched in 
minutes to accommodate voltages (AC and DC) from 0.5 to 500 volts; 
Hi Pot to 500 volts; resistances from 1 ohm to 9.99 megohms; and 
tolerances of 1%, 5%, 10% and 20% of nominal. A total in excess 
of 60000 tests possible . . the Robotester will check any two circuit 
points at rates up to 100 tests per minute. 


Write today for complete technical information 
and specifications on the New Robotester. 


Write on company letterhead for “Lavoie 
Programmed Instrumentation” .. please specify application. 
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COMPARISON of maximum allowable errors in velocity and injection angle for ballistic missiles and lunar probe vehicles. 


Space Navigation Challenges Designers 


By Philip J. Klass 


Unless early space probes reveal existence of new phenomena which can 
be used for guidance systems, space navigation will present one of the stiffest 
challenges to avionic designers’ ingenuity. 

Whereas aerial navigation primarily involves two moving coordinates 
of the airplane and a single airplane velocity vector relative to a fixed desti- 
nation, interplanetary navigation involves three moving coordinates of the 
vehicle and its three velocity vectors, plus the three moving coordinates and 
velocity vectors of the destination, plus “time” which determines location 


of destination upon arrival. 

Difficulty of this task has been com- 
pared to the problem of a jet fighter, 
running low on fuel, trying to make 
contact with an aerial tanker engaging 
in acrobatics. 

Space navigation is further compli- 
cated because minimum energy flight 
paths must be used and only limited 
fuel is available during flight to make 
required changes in vehicle speed and 
direction—until the advent of nuclear 
or other new forms of propulsion. 


Command Guidance 


To make matters more difficult, many 
of the techniques developed for aerial 
navigation will have only limited suit- 
ability for space navigation. 

Initial space probing missions will 
depend upon ground-based command 
guidance of the launching vehicle, with 
no guidance of the space vehicle itself, 
because of severe limitations on pay- 
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load. In this type guidance, the space 
vehicle is merely an unguided projectile 
aimed by an “avionic gun barrel.” 

Command guidance system developed 
by General Electric Co. and Burroughs 
Corp. for Atlas intercontinental ballistic 
missile or Convair’s Azusa system is 
typical of the type of guidance system 
that may be employed. (AW April 28, 
p. 74.) 

Use of launch vehicle guidance only 
places severe limitation on the types 
of space probes that can be made. 

For example, to send a lunar probe 
vehicle circling behind the moon and 
back to within 500 mi. of the earth, so 
it can telemeter back its findings, will 
require controlling cut-off velocity of 
launch vehicle to within one part in 
500,000, according to Lt. Col. G. H. 
Drewry, of the Army Ballistic Missile 
Agency. 

In addition, vehicle’s injection angle 


must come within 0.001 degree of the 
desired orbit and the instant of launch 
must be timed to coincide within 10 
sec. of predetermined value unless a 
trackable launching platform is em- 
ployed, according to Drewry. 


Elementary Guidance 


Next logical step will be to add simple 
guidance capability to the space vehicle. 
This probably will be an extension 
of the radio command guidance em- 
ployed for the launch vehicle. 

However, mid-course guidance 
can be no more accurate than the pre- 
cision with earth-based radar 
radio tracking svstems can determine 
space vehicle position and velocity vee- 
tors. Space vehicle will be required to 
carry a suitable radar transponder or 
radio transmitter. Several tracking tech 
niques appear feasible for near-planct 
travel 
e Interferometer system, 
pares phase of signal 
vehicle transmitter at 
antennas arranged in the shape of 
cross to permit determination of 
azimuth and elevation angles to the ve- 
Navy Minitrack system 


S. satellites is a repre- 


such 


which 


which 
received 
four (or 


com- 
from 
more) 


hicle position 
used to track | 
sentative 
Use of several stations makes it pos- 
sible to obtain vehicle velocity and po- 
sition by triangulation. However, greatly 


system 
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New 
Electro Instruments 
A-12 DC amplifier 

totally transistorized 





equal to or better than the best 


vacuum tube instruments! 


Input Impedance: 


Source Impedance: 
Drift: 


Ambient Temperature: 


Noise (Referred to input): 


Frequency Response: 


Output Capability: 





The new Model A-12 DC Amplifier is the 


preferred systems link for amplification, 


normalization and impedence transforma- 


tion. Use of solid state elements assures 


maximum reliability; power dissipation is 


only seven watts. Mil-type components 


are mounted on coated plug-in printed 


circuit boards for protection against vibra- 


tion and corrosion. 


versatility plus economy 


Electro Instruments produces 
a series of plug-in mode 
selectors and attenuators 

for the A-12: single ended, 
differential and operational, 
fixed and variable gain. 


SPECIFICATION SUMMARY 


Single Ended Input 
Fixed gain set to any value from 10 to 1000 
inclusive by front panel plug-in units. Gain 
switchi plug-in attenuator available with 
geins of 0, 10, 20, 50, 100, 200, 500 and 1,000. 
Adjustable upward 6db from setting with 
potentiometer. 


100 megohms shunted by 0.001 mfd (typical). 
5K or less (to meet noise specification). 


Less than 2 microvolts in 200 hours at constant 
ambient temperature. Less than 0.4 microvolt 
per degree centigrade. 


0° to 50°C. 

0-3 cps 5 microvoits peak to peak 
0-750 cps 4 microvolts rms. 

0-50 kc 8 microvolts rms. 


+3db to 50 kc (typical); + 1.0% to 2 ke 


+10 volts at +100 ma OC or peak AC to 10 kc 





Differential Input 


Fixed gain set to any value from 10 to 1000 
inclusive by front panel plug-in units. Gain 
switching plug-in attenuator availabie with 
gains of 0, 10, 20, 50, 100, 200, 500 and 1,000. 
Adjustable upward 6db from setting with 
potentiometer. (Fixed gain plug-in units only.) 


10,000 ofr 


Less than 2 microvolts in 200 hours at constant 
ambient temperature. Less than 0.4 microvoit 
per degree centigrade. 


@ to 50°C 

0-3 cps 10 microvolts peak to peak 
0-750 cps 6 microvolts rms. 

0-50 kc 11 microvolts rms. 


+3db to 50 kc (typical); + 1.0% to 2 ke 


+10 volts at + 100 ma DC or peak AC to 10 kc 


Circle Number 85 on Reader-Service Card 


Eight to a rack 

The A-12 is packaged 
for high density use; 
mounts eight 

across in 19” relay 
rack panels. 
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COMPARISON of automatic stellar-inertial 


creased base lengths between stations— 
of the order of several thousand miles— 
will be needed to achieve acceptable 
accuracy for short-range interplanetary 
missions. 

e Pulse time system, which determines 
range to vehicle from the time required 
for pulse transmitted from earth to 
reach the vehicle and time required for 
its reply pulse to be received. By using 
three or more stations separated by 
extremely long base lengths, triangula- 
tion will provide moderately accurate 
data on vehicle velocity and position 
for short-range flights. 

Shortcoming of any earth-based navi- 
gation system 1s the relatively short base 
lengths that can be employed and the 
fact that the earth is rotating about its 
own polar axis. Advantage, relative to 
vehicle contained systems, is that there 
is no limit on size, weight or power con- 
sumption of ground-based system. 

By the time that interplanetary flight 
is feasible, it should be possible to es- 
tablish navigation station satellites in 
orbits sufficiently great to provide base 
lengths of 50,000 mi. or more. How- 
ever, this gain may be offset by prob- 
lems of providing sufficient electrical 
power to enable satellite transmitters to 
reach out into space. 


Self-Contained Guidance 

It now appears that mid-course guid- 
ance of manned and unmanned inter- 
planetary vehicles may employ self- 
contained systems. Although inertial 
systems may be used to determine 
changes in vehicle velocity and direc- 
tion, it does not now appear likely that 
they will provide primary navigation 
means for mid-course guidance. 

Schuler tuning principle, which is 
employed to prevent build-up of gyro 
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drift errors during extended missions for 
aircraft and cruise-type missiles, relies 
upon earth’s gravitational field for its 
operation. This field becomes too 
small to be useful for interplanetary 
missions. 

Conceivably an inertial system could 
be Schuler-tuned by using sun’s gravi- 
tational field. However, during a flight 
to Mars or Venus the sun’s gravity is 
only 1/1,000 or less as strong as earth’s 
gravitational field used by terrestial in- 
ertial systems. 


All-Electronic Gyros 


But assuming that sufficiently sensi- 
tive instrumentation could be devel- 
oped to measure direction of the sun’s 
gravity, the period of Schuler tuning 
for a flight to Venus would be nearly 
one year, compared to 84 min. for earth- 
bound systems. This means that gyro 
drift errors would build up for nearly 
three months before starting to decrease, 
compared to an interval of only 21] min. 
in aircraft/missile inertial systems. 

Inasmuch as total flight time to 
Venus would be of the order of only 
five months, flight would be over be- 
fore Schuler tuning provided significant 
reduction of inertial system errors. 

Although near-absence of gravity in 
space flight should greatly reduce drift 
of conventional gyros, a technological 
breakthrough is needed in gyro design 
to achieve the accuracies required for 
pure-inertial mid-course guidance of 
space vehicles. 

Such a breakthrough may be on the 
horizon. All-electronic gyros which op- 
erate on radically different principles 
and use no moving parts have recently 
been proposed to Wright Air Develop- 
ment Center by three companies. One 
of these, possibly using phenomenon 





navigators for terrestrial and interplanetary navigation use. 





of electron spin in paramagnetic mate 
rials, offers some hope of achieving 
“fantastic accuracies,” according to a 
WADC spokesman. 

All three approaches would eliminate 
need for ultra-precision machining and 
assembly procedures, and the problem 
of mass unbalance or shift which causes 
gyro drift. It is interesting to note that 
all three proposals came from companies 
that are not now gyro producers 

WADC also has received proposal 
for novel accelerometer which requires 
no moving parts. 

Most promising mid-course naviga- 
tion system for interplanetary missions 
now appears to be one that uses celes 
tial techniques, but with one major 
difference from present aircraft/missile 
system design. Absence of an earth 
gravity reference probably will require 
use of planet sights instead of stars. 

In conventional aerial navigation, the 
navigator measures the angle between 
an optical line to a star and his local 
vertical (direction of earth’s gravity) to 
obtain a line of position. Intersection 
of two such lines, obtained from two 
star sights, provides position fix 

Unless it proves feasible to use the 
sun’s gravitational field to establish a 
“solar system vertical” for equivalent 
reference, space navigators cannnot use 
stars to fix positions. Reason is that 
the distance to the nearest stars is so 
vastly greater than the distances traveled 
in the solar system that angles of sight- 
ing would not change perceptibly dur- 
ing flight. For example, 100 million 
mile change in position of space vehi- 
cle would change sighting angle rela- 
tive to another star by less than one 
second of arc. 

This problem does not exist if celes- 
tial sights use the solar system planets 
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DESIGNED 
TO FLY 


Especially designed to meet the rigid 
size and weight requirements of 
airborne instrumentation, Statham’s 
new strain gage carrier amplifiers 
are transistorized throughout. When 
you require unprecedented accuracy 
and reliability in the amplification 
of signals from your stfain gage 
instrumentation, specify a Statham 
strain gage amplifier. 


EXCITATION: 28 wolts DC, - 5% 
OUTPUT: 0-5 volts DC 


FREQUENCY RESPONSE: Fiat from 0 up 
to 2000 cps 


NON-LINEARITY AND 
HYSTERESIS: + 4% 


OPERATING TEMPERATURE: — 65° to 
+-165°F. 


OUTPUT IMPEDANCE: 10K ohms 
(100K recommended load) 


WEIGHT: 14.5 ounces, approximately 


Mode! CA3 Strain Gage Amplifier 


Mode! CAS Strain Gage Amplifier 


For complete data, write to: 


INSTRUMENTS. INC. 
12401 W. Olympic Bivd., Los Angeles 64, California 
Circle Number 65 on Reader-Service Card 
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and the sun itself. Assuming the space 
vehicle is traveling in the ecliptic (the 
plane in which planets move about the 
sun), three celestial sights using two 
planets and the sun can determine 
vehicle position in the solar system. 


Sighting Errors 

Example of the effect of celestial 
sighting errors on the accuracy of a 
vehicle position fix for a flight to Venus 
is cited in a recent paper by E. V. 
Stearns of Lockheed’s Missile Systems 
Division. For a space vehicle situated 
roughly 80 million mi. from the sun 
and 20 million mi. from each of two 
planets being sighted, an error of 30 
sec. of arc in sextant and sighting 
would result in a 12,000 mi. error in 
position, in a direction perpendicular to 
a line to the the sun and about 3,000 
mi. in directions perpendicular to lines 
connecting the vehicle with two planets. 

This does not take account of pos- 
sible errors in present figures on solar 
system dimensions or planet orbit data. 
Another source of error stems from fact 
that planets, unlike stars, are not a 
point source of light because of their 
relatively close distances. Trying to 
position an optical sight on a planet's 
center, particularly when its surface is 
partially obscured during phases (like 
the moon), may introduce additional 
error. 


Velocity Vectors 


Determination of vehicle position in 
space is only part of the navigation 
problem. It also is necessary to deter- 
mine its velocity and direction of 
movement in order to determine the 
magnitude, or duration, and direction 
of thrust corrections that must be ap- 
plied to place the vehicle on the re- 
quired flight path to intercept the desti- 
nation’s gravitational field. 

For guidance system designers, this 
requires a very basic change in thinking 
from present terrestial concepts. For 


example, in aircraft and winged vehicles, 
amount of fuel consumed in making 
corrections in vehicle flight path is quite 
smafl compared to fuel consumed in 
making the flight. 

Once a space vehicle is outside the 
earth’s gravitational field, the only fuel 
consumed is that required for guidance 
and terminal landing. With payload 
weight at great premium, the guidance 
system must not only determine the 
required changes in flight path, but the 
most economical time and means for 
executing them. Stored energy manage- 
ment will be a major problem. 

If extremely accurate and frequent 
position fixes could be obtained, it 
would be relatively easy to determine 
magnitude and direction of vehicle ve- 
locity from changes in position. How- 
ever, large errors or uncertainties in 
any single vehicle position determina- 
tion require that long-term averaging be 
used to minimize errors in establishing 
velocity vectors. 

For the earth to Venus mission cited 
above, with sighting errors of 30 sec. of 
aic, Stearns calculates that averaging 
vehicle position fix data over a 190 hr. 
interval could reduce probable error in 
computed velocity to about 34 mi. per 
second and error in calculated heading 
to about 14 milliradians. 

An error of 14 milliradians (roughly 
0.1 deg.) seems extremely small by ter- 
restial navigation standards. But 
Stearns points out that to correct for 
only a milliradian error in heading on 
a 150 million mi. journey when the 
vehicle is 5 million mi. away from its 
destination would require fuel equal to 
about 40% of the vehicle’s gross weight, 
based on existing fuels. 

“This represents an appreciable 
amount of fuel when one considers that 
fuel for landing and return voyage must 
also be carried aboard the vehicle,” 
Stearns points out. If the celestial 
tracker error can be decreased by a 
factor of 10 to approximately three sec- 
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ERRORS in interplanetary navigation, based on celestial sights on two planets and sun, as 
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DRAMATIC REDUCTION 
GYRO DRIFT... 


CONDENSED 
PERFORMANCE DATA 


Trimmed drift rate: 
0.1°/br. rms 
0.3°/hr. max. 
Mass unbalance: 
5.0°/hr./g 
Anisoelastic constant: 
0.025°/br./g? rms 
Maximum command turning rate: 
over 20°/sec. 
Dimensions: 
2” dia., 4” long 


IN NEWEST DESIGN 20 IG INTEGRATING GYROS 


Representing a major breakthrough by Reeves’ gyro research laboratories, 
these advanced instruments show a small fraction of the drift rate hitherto 
considered low for high-performance units in this class. 


Other characteristics are also outstanding, including extremely low aniso- 
elastic constant and high command turning rate. 


Of equal importance is the fact that these instruments measure up in 
every way to well-known Reeves standards of precision, ruggedness and 
RELIABILITY in regular production models. They are now available, and we 
invite your inquiries for detailed information. 











Other Reeves Gyros and Accelerometers meeting equally exacting standards for per- 
formance and reliability include a comprehensive series of 10 1G, 20 IG and HIG 5 
Integrating Gyros; 20 PIG Pendulous Integrating Gyros and 10A and 20A Linear 
Accelerometers. Technical information on request. 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 
Roosevelt Field, Garden City, New York 


Precision Precision Servo 
Floated Resolvers and Mechanica? 
Gyros Phase Shifters Parts 
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CONDIESEL® 


COMPETENCE 


serves the 


INDUSTRY'S NEEDS 


This amazingly broad one-source resource for Al RCRAFT 
solutions to specific problems is comprised of spe- EQUIPMENT 
cialist groups. Each has its own facility and products DIVISION 
oman i i 

all enjoy the advantage of reciprocal stimulus Stamford, Con , 
thgough careful interchange of research, engineering 
Sir Condiese!l has provided 
and production ideas. more aircraft and missile 
: : ground support in variety 

Adrok ee of vad apancoteel needs... and and quantity than any 2th 
anticipation of ‘‘tomorrow’'s’’ problems... have re- _ manufacturer. 
sulted in the availability for the military and industry div eet ree inieaiton, 
of a composite experience of specialist skills in pro- 

iding components, products and sub-systems for iisonen gytatina rac 
vee e ; ¥ Aircraft Support 
missiles and aircraft . . . submarines, too. * Electric 

And, of great importance to YOU... are those ¢ Hydraulic 
probing, ingenious minds at Condiesel and their abili- + Pneumatic 
ties, based upon experience, to bring your problem ° Testing 
quickly into sharp focus . . . design the answer deftly ° Fueling 
+. produce it honestly . . . deliver it on time. * Handling 


CONDIESEL COMPETENCE 
is your Competitive Answer 


U.S.A.F. multi-p 
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EQUIPMENT 








TEST 
EQUIPMENT 


DIVISION 
Stamford, Connecticut 


Test equipment for the 
manufacture and support 
of missiles and aircraft. 
Condiesel designed and 
built nest is used by 
Hamilton Standard, Allison, 
Holly, T. gon Pan) American 
.-. and in support of Mata- 
dor, Regulus, Lacrosse. 





Products Include: 
* Gronaure pret ane 
and 
_ control test facili- 
in oA pneumatic 
test stands 
¢ Missile power packs 


Hydraulic Stand 





CONSOLIDATED 
AVIONICS 


CORPORATION 
Westbury, L. |., N.Y 


At Con Avionics, advanced 


puter check-out equipment 
for the inertial guidance 
ter of the “Titan” 


Products Include: 


* Data reduction sys- 
tems 


« Aircraft and missile 
test instrumen- 


¢ Automatic test and 
contro! systems 


¢ Power supplies 


Computer Test Drawer 


LIMA 
ELECTRIC 
MOTOR CO. 


Lima, Ohio 
Over a quarter century of 
building standard and spe- 
cial rotating electrical ma- 
chinery to NEMA, JIC and 
UL standards. Backed by 
over 300 nation-wide sales 
and service stations. 
Products |nclude: 
¢ Drip-proof, totally en- 
closed, 
motors, from 1 to 150 
horsepower. 
* Motor generator sets 
« Lima selective speed 
drives 


¢ Integral gearhead mo- 
tors 
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CONSOLIDATED 
CONTROLS 


Products Inciude: 


* Pressure and thermal 
switches 


hydraulic, pneumatic 

and electronic 

¢ Temperature sensing 
devices 


* Nuclear control sys- 
tems 





7~ 
— 
& 
a 
3 
» 
S) 
3 
v 
2 
i 
> 
a 
§ 
~ 
3 
= 
iS) 
g 
3 
is 
: 
> 
a 
S 
~ 
eo 
a 
s 
i=.) 
— 
w 
> 
= 
a 
8 
~ 
a 
& 
* 
ae 
° 
au 
5 
a 
g 
a 
> 
av 
Q 
; 
$ 
— 
i] 
oe 
n 
v 
= 
Re 
$ 
” 
g 
z= 
~ 
iS) 
£ 
wv 
~~ 
= 
. 
° 
o 


IBM 





The |BM Military Products 
Division has access to the 
full range of investigation 
constantly in progress with- 
in IBM Research. Studies in 
the fields of cryogenics, 
semi-conductors, magnet- 
ics and many other areas 
of interest are currently be- 
ing applied by the Military 
Products Division to the de- 
velopment of advanced 
electronic systems. Thus, 
applicable research discov- 
eries in basic science are 
reflected in versatile IBM 
electronic military products 
— designed to perform with 
the utmost precision, and 
the reliability indispensable 
to our national security. 


THE SPECTRUM OF RESEARCH 


| \\ J 





MILITARY PRODUCTS 
DATA PROCESSING 


MILITARY ELECTRIC TYPEWRITERS 


SPECIAL ENGINEERING PRODUCTS 


PRODUCTS surriies 


TIME CQUIPMENT 








Jaternational Business Machines Corporation. 590 Madison Avenue, New York 22, New York 
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onds of arc, and if heading corrections 
were applied periodically during the mis- 
sion, fuel consumed in maintaining the 
vehicle’s course would be reduced to 
about 5% of gross weight. 

On this basis, Stearns suggests that 
interplanetary navigation will require a 
system made up of the following ele- 
ments, with individual accuracies as in- 
dicated: 
¢ Celestial tracker, capable of establish- 
ing angles to two planets and the sun 
with errors of less than five sec. of arc. 
e Gyro-stabilized platform, upon which 
tracker will be mounted, with gyro drift 
rates small enough to space-stabilize 
tracker during periods when planets 
can not be sighted or service is other- 
wise interrupted. 

e Digital computer, capable of computa- 
tions to an accuracy of at least one part 
in 100,000. 

e Solar system “map”, containing data 
on position of each planet at any in- 
stant in time, which can be stored in a 
form suitable for computer use. 

e Time reference, accurate to within 
one part in 100,000, which can operate 
for a year without re-calibration or loss 
of accuracy. 

To save weight, and minimize relia- 
bility problems, celestial sighting data 
might be telemetered back to earth, the 
required computation performed there 
in sophisticated digital computer, then 
telemetered back to the space vehicle. 


Other Ideas 


The possibility of using Doppler or 
pulse radar in the vehicle to determine 
its velocity and/or distance from desti- 
nation has been suggested, particularly 
since such a device may be needed dur- 
ing terminal portion of the mission to 
assure a soft landing. But the problem 
of carrying equipment to generate suf- 
ficient electrical power to enable a radar 
with modest size antenna to send a sig- 
nal out and back over a multi-million 
mile path appears insurmountable until 
the advent of nuclear propulsion. 

Another interesting possibility for 
measuring vehicle velocity and checking 
its position, suggested by Dr. John H. 
Hett of New York University, is the 
use of a device that measures intensity 
of the sun’s infrared radiation. 

Using a star as a comparison stand- 
ard, Dr. Hett says it should be possible 
to determine vehicle distance from the 
sun to within several thousand miles. 

The problems of space navigation are 
sufficiently difficult that many observers 
are hoping that fundamentally new con- 
cepts may come out of newly discovered 
space phenomena. New concepts also 
may come when avionic system design- 
ers and aerial navigation specialists ac- 
quire equivalent knowledge of celestial 
mechanics and when the astronomers 
turn their attention to space naviga- 
tion. a 
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Smaller than a dime, but a real buy if you're looking for top 
performance in airborne applications ... that’s the story on the 
Type 4-320 Pressure Pickup. This tiny member of CEC’s reliable 
transducer family is built to operate at line pressures up to 

350 psi ...to measure differential pressures in ranges from +7.5 
psid to +50 psid, and gage pressures in ranges from 7.5 to 50 psig 
...and to meet all specifications without external compensation 

of any kind. Check these specs: 


ee ae ee +20 mv nominal 
TEMPERATURE RANGE.....-.---- -—65° to +250°F 
ACCELERATION. ....~--+e0ccecnenceee Withstands 200 g's 
CONSTRUCTION ....«.--eeeceeceeces 416 stainless steel 

PL, donitiocchaeiieiecnceneonseceashditanl 0.220’ x 0.475" diameter 
WHINE cccccccccsvccccccccccccsscescees 4 grams 


Call your nearest CEC sales and service office for the details, or 
write for Bulletin CEC 1579-X7 (which is not only free, 
but extremely interesting). 


Transducer Division 


Consolidated Electrodynamics 
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RECOGNIZED LEADERS IN GALVANOMETERS — 
TELEMETRY, PRESSURE AND VIBRATION INSTRUMENTATION 
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Wing bulkhead—Riveting a wing bulkhead Center wing spar assembly— Assembling the Tooling for 880—Primary assembly fixtures 
for major assembly of Convair 880 first center wing spar for the Convair 880 for fabricating wing spars being readied for 
stepped-up production of Convair 880 


U. S. Steel Supply delivers critically 
helps Convair eliminate risk 





880 forward fuselage fixture—Checking the 
spacing of belt frames on metal mock-up— 
forward fuselage of Convair 880 





Truss for 80—Assembling a truss-type bulk- 
head for wing of Convair 880 


wing for Convair 880 


ya needed aluminum overnight— 





Ki of costly inventory losses 


“Today, because of the rapid advancement in 
the fields of engineering and technology, we face 
the risk of costly inventory losses due to changes 
in material requirements,” says Mr. L. F. Tubbs, 
Buying Supervisor for Raw Materials, San Diego 
Division of Convair. “However, we’ve avoided 
this possibility by ordering certain types of alu- 
minum as we need them from such firms as U. S. 
Steel Supply. We know, from past experience, 
that U. S. Steel Supply can deliver the critical 
items we need . . . when we need them.” 

In order for Convair to maintain an effective, 
up-to-the-minute production timetable on the 
new Convair 880 Jet-Liner, every second of 
available time must be utilized efficiently. Obvi- 
ously, a supplier that can meet and handle 
emergency material requirements, without caus- 


ing the loss of valuable production time, is a 
must; that’s why Convair, a division of General 
Dynamics Corporation, counts on U. S. Steel 
Supply in a tight situation. 

For the dynamic Convair 880, U. S. Steel 
Supply furnishes a number of aluminum alloys, 
including 2024, 7075, 7178, for such locations as 
the exterior skin and belt frames. 

Critical materials, such as aircraft quality 
aluminum and special stainless steels, can be 
procurred quickly and delivered promptly, be- 
cause U. S. Steel Supply has a smooth-running 
system of 19 steel service centers stretching from 
coast to coast. 

If you want to learn more about this service, 
write to U.S. Steel Supply at the address listed 
below. 


USS is a registered trademark 


Remember . . . you get Any Steel, Anywhere, Any Time Service from .. . 


U. S. Steel Supply 
Division of 


Steel Service Centers Coast to Coast - Mailing Address: P. O. Box 1099, Dept. K6, Chicago 90, Ill. - General Offices: 208S0 





United States Steel 
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Skin and stringer panels—Large skin and 
stringer panels for center tie-box section of 


> Salle St., Chicago 4, Il. 
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FOUR IMPORTANT NEW SHORT-TRAVEL POSITION 
TRANSDUCERS FROM BOURNS 


Here are four problem-solvers made especially for travels of 2" to 6”. 
These are small instruments—units you can fit into the really tight spaces 
All of them offer long life under extreme vibration and heat (as high as 450°F) 
...and each one solves a special problem, too: 
E TUATORS The Model 158 is small, tubular, unique— 
it fits completely inside hydraulic actuators or other telescoping devices. 
iT SPA The mode! 141 LINIPOT® fs the smallest unit 
of its type available. Cross section is only Y4"x Vis” 
3 SIMPLIFIES SHAFT ALIGNMENT Where alignment is impossible, or where 
use the Model 156 ALIGN-O-POT®. It's self-aligning. 
4 NOISE-FREE AT 40 G's If you have high vibration environments and alignment 
problems, your solution is the Model 157 ALIGN-O-POT 
These are only four models. There are hundreds more available, 
with many variations, in travels up to 32’. 


side loads exist, 


ass BOoURNS 
new Instrument a 
Brochure Laboratories, Inc. 
O@®@ P.O. Box 2112C * Riverside, California 


New York 





FIELD OFFICES: 21 Walt Whitman Road, Huntington Station, L, |. 


4515 Prentice Street, Dallas 6, Texas 
ORIGINATORS OF TRIMPOT® AND TRIMIT® 


Protected by one or both of U. S. Patents Nos 
2,706,230 and 2,805,307. Other patents pending : PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRESSURE AND ACCELERATION 
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NEPTUNE 


PATH ATTENUATION in db. versus the average distance from the earth to the moon and to the other planets. Attenuation is computed 
for a frequency of 2,250 mc. and for path loss between isotropic antennas. 


Space Communications Techniques Ready 


time between transmission of a message 


By James A. Fusca 


Communications is one of the most highly developed aspects of space 
technology. Problems of communicating with the moon and moon vehicles 


are now centered on instrumentation. 


Mars and Venus are within range 


of state of the art techniques; the rest of the solar system is within reach of 


improvements already being explored. 


First steps in developing an understanding of space communications 


include: 

e Satellites. Better understanding of 
the electrical properties of the iono- 
sphere is emerging as experience is 
gained in reception of data transmitted 
from both U.S. and Soviet satellites. 
Navy is establishing a point to point 
communications system using ecarth’s 
natural satellite, the moon, as a passive 
reflector to extend the range of fine of 
sight frequencies for thousands of miles. 
Man-made satellites are being studied 
for use as both passive reflectors and 
active relays. 

eSpace vehicles. Existing equipment 
can be used for communication with 
vehicles operating in cislunar space. 
Primary problem is to obtain reasonably 
high gain from the vehicle’s antenna 
without creating additional complex 
orientation and stabilization problems. 
New and more sophisticated equipment 
will be required for communication 
with vehicles bound for Venus or Mars, 
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but techniques for construction of such 
equipment are well understood at the 
present time. For greater ranges, com- 
munication probably will be by inter- 
planetary relay. 

e Interplanetary communications. Com- 
munication systems to operate to Mars 
or Venus could be engineered today, 
while improvements such as much 
higher power transmitters, larger an- 
tennas, and Masers for reception in- 
dicate that no overwhelming problems 
are likely to prevent development of 
equipment capable of operation 
throughout the solar system as rapidly 
as the vehicles that will require them. 
¢ Beyond the solar system. At the pres- 
ent time there does not appear to be a 
solution to the problem of communicat- 
ing beyond the limits of the solar sys- 
tem. The closest star is more than four 
light years distant so, presuming that 
the communications equipment existed, 


and receipt of a reply would be about 
nine years. There appears to be no way 


of circumventing the fundamental 
equivalence of space and time. 


Satellite Uses 


First true space communications has 
been the telemetering of scientific data 
to ground stations from orbiting satel- 
lites. Navy's use of the moon as a pas- 
sive reflector for long range, point to 
point communications at line of sight 
frequencies indicates that similar use 
could be made of man-made satellites. 

As future satellites become increas- 
ingly complex and as their missions are 
expanded, demands placed on the com- 
munications systems will increase dis 
proportionately. A reconnaissance satel- 
lite, for example, might be required to 
store a large quantity of comparatively 
wide band data, such as the mapping 
information from an infra-red or televi- 
sion scanner. The satellite would then 
“dump” the stored data at high speed 
upon receipt of a properly coded inter- 
rogation signal. 

Some of the possible uses of satellites 
that are open to speculation include: 

e VHF area coverage. A satellite that 
received and retransmitted messages 
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DETECTORS 


Chips and smaller particles broken 
from internal parts of an engine or 
gear box can be detected quickly 
and simply when Lisle Magnetic 
Chip Detectors are installed in 
place of ordinary drain plugs. 


A positive check provides advance 
warning of possible internal break- 
downs before in-flight failure. 


Powerful Alnico magnets attract 
any ferrous meta! particles present 
in the lubricant, bridging an elec- 
trically insulated gap and complet- 
ing an electrical circuit for a posi- 
tive reading on a continuity tester 
or warning light. 


Install Lisle Magnetic Chip De- 
tectors in your engines, either as 
original equipment or replace- 
ments. Write for free Catalog and 
Samples for testing. 
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broadcast in the very high frequency 
band would provide coverage of several 
thousand square miles with a simple, 
low power transmitter. 

e Countermeasures. In the same man- 
ner that a satellite could be used to sup- 
plement battle area communications, it 
could also be used as an electronic 
countermeasures weapon. An interest- 
ing configuration would be a simple re- 
peater, consisting of a broad band 
travelling wave tube, that would inter- 
cept and rebroadcast enemy messages 
or function as a jammer by rebroadcast- 
ing a jamming signal transmitted from 
the ground. 

Communication throughout the solar 
system will be simplified by the fact the 
system’s planets and moons all lie very 
close to the plane of the ecliptic. There- 
fore, rather than radiating energy omni- 
directionally from a transmitter into 
space, energy can be concentrated in a 
beam that is omnidirectional in azi- 
muth but with a width of about 30 deg. 
in elevation. 

By aligning the azimuth plane with 
the plane of the ecliptic, gain would be 
a factor of about 2.5 over a signal radi- 
ated omnidirectionally. The beam 
would include all of the system’s plane- 
tary bodies and the probable routes be- 
tween them. 

Because a space vehicle can be ex- 
pected to know its position in space, it 
would be able to make use of relatively 
high gain antenna which it could beam 
towards the ground station to be con- 
tacted. If it was another ship to be con- 
tacted, the message would probably be 
beamed to the ground station which 
would then rebroadcast it omnidirec- 
tionally, because of the relatively small 


transmitter power that would be avail- 
able in a space craft. 

A ground station, on the other hand, 
could be expected to use large, high 
gain antennas for planet to planet com- 
munications but not to contact space 
vehicles. Reason is that the time it 
would take to acquire a space craft with 
a pencil beam antenna when the posi- 
tion of the craft was not known could 
be prohibitively long and difficult. With 
sufhcient power at the ground station 
and a sensitive receiver and moderately 
high gain antenna aboard the vehicle, 
ground statior reception should not be 
a major problem. 

A unique aspect of space communica- 
tions will be the large frequency shifts 
resulting from the Doppler effect. P. A. 
Castruccio of Westinghouse Air Arm 
Division in a paper given before the 
American Rocket Society mentions that 
at X-band a radial velocity of 10 mi./ 
sec. yields a Doppler shift of approxi- 
mately 500 ke. while at 100 mi./sec. 
the-shift is about 5 mc. 

For this reason, receivers will have 
relatively broad pre-detection band- 
widths or will use some method of sig- 
nal tracking or Doppler gating to obtain 
the most favorable signal to noise ratio. 

One detection technique that would 
appear to offer advantages for reception 
cf very low signal levels is receiver 
phase-lock demodulation, presently be- 
ing used in the Microlock and Secor 
systems. Theoretical improvements in 
excess of 50 db. over conventional AM 
receivers are predicted: improvement 
threshold of a standard FM/FM tele- 
metry receiver has been lowered 20 db. 
experimentally. 

Improvement threshold of a receiver 
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BLOCK diagram of a basic phase-lock demodulator. A frequency modulated signal is com- 
pared in a phase detector with a signal developed by a local oscillator, which is frequency 
modulated by the filtered output of the phase detector. 
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BURROUGHS ELECTRONIC COMPUTER “MASTERMINDS” 
THE ATLAS INTERCONTINENTAL BALLISTIC MISSILE 


Steering the 250-mile-per-minute Atlas into the precise trajectory 
required for the missile to accurately strike its target 5,500 miles 
away, calls for incredibly se computation. And that's where 
Burroughs comes in—with an electronic computer specially 
designed to receive complex information, compare it with the 
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CORPORATION 
THE FOREMOST NAME /N Ci OMPUTATION 





“TURN SIGNALS* 


| FOR A 
BALLISTIC 
MISSILE 


pre-calculated direction, and signal the missile necessary changes 
to set it unerringly on its course 

Important contracts are not new to Burroughs Corporation with 
its 70 years of demonstrated competence.;But it is the recent 
Jefense projects that serve best to underscore Burroughs’ breadth 
and complete capability, from research through mass production 
to actual field installation and service. Burroughs Corperation 
6071 Second Avenue, Detroit 32, Michigan 











COMPLETE LINE 125 C 


SERVO MOTOR TACH GENERATORS 


8MTG-6201-01 
*10MTG-6228-02 
10MTG-6229-12 
*10MTG-6229-03 
10MTG-6229-15 
*10MTG-6232-05 
11MTG-6251-13 
11MTG-6251-00 
11MTG-6254-01 
15MTG-6280-01 
t*15MTG-6276-03 
18MTG-6302-02 
18MTG-6302-04 


lO YOur DFectst speciJicalion 


400 CPS SERVO MOTOR — TACHOMETER GENERATORS 


115/57.5 


36/18 
115/57.5 

40/20 
115/57.5 
115/57.5 
57.5 
115/57.5 
115/57.5 


*These units designed for 85°C ambient but same characteristics can be designed for 125°C. tAdditional 21.4 watts for heater, the values given are independent of ambient temperature. 


MANUFACTURING CO 


Avionic Division 
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is that point on a plot of the signal to 
noise ratio where the ratio at the output 
of the receiver begins to degrade more 
rapidly than the input ratio. For con- 
ventional diode detectors in AM sys- 
tems, this value is about —3 db. input 
signal to noise ratio, while for conven- 
tional discriminators in FM systems the 
value is about +9 db. However, when 
the ratio of deviation to maximum 
modulation frequency is greater than 
one, the output ratio for a given input 
is higher for FM than AM. ‘This “wide- 
band gain” property of FM offers con- 
siderable advantage for extremely long 
range communications. 


Phase-Lock Demodulation 

Receiver phase-lock demodulation op- 
erates on the principle that the opti- 
mum method of demodulatian com- 
prises the multiplication of an incom- 
ing signal by a locally generated best 
estimate of what the signal should be, 
and suitable filtering. This principle 
has recently been put to use by Radia- 
tion, Inc. which has developed an 
adaptor unit for standard FM/FM tele- 
metry receivers which lowers the re- 
ceiver threshold by at least 6 db. 

In a paper delivered before the Na- 
tional Conference on Airborne Elec- 
tronics last month, Hans Scharla-Niel- 
son of Radiation, Inc. said that the 
company has measured improvements 
of better than 20 db. in special systems. 

By this technique a frequency modu 
lated signal is compared in a phase de- 
tector with a signal developed by a local 
oscillator which is frequency modulated 
by the filtered output of the phase de- 
tector, effectively lowering the receiver's 
improvement threshold. 

Since, for all demodulation methods 
operating above their improvement 
thresholds, post-detection filtering is 
equivalent to predetection filtering, the 
wide-band gain properties of FM may 
be utilized. 


Space Trends 


Avionics manufacturers studying the 
changes that space technology will press 
upon the industry will see increasing 
emphasis upon often heard themes— 
size, weight and power consumption. 

The cost of developing microminia- 
turization techniques and avionic sys- 
tems that will operate with 1,000 times 
the reliability of present day equipment 
while consuming only milliwatts or 
even microwatts of power will be more 
than compensated by the savings on 
each pound sent into space. 

The enormously stringent demands 
of space technology will stimulate both 
improvements in conventional avionic 
techniques and—more important—re- 
search and development in totally new 
and unexpected fields that will be re- 
flected in advances of the entire avionic 
art. a 
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potentiometers / gyro instruments / airborne products 











TWO AXIS FREE GYRO 





Daystrom Pacific designs, develops and manufactures a complete line of 
floated 2 axis free gyros and floated rate gyros. A variety of standard 
sizes and configurations for auto-pilot and stabilizing applications in the 
aircraft and missile industry are provided. 

Daystrom Pacific, to better serve the customer, has standardized all basic 
components to reduce cost and excessive lead time. 

Other standard instrument products include: 

e angle of attack vanes * sequence timers 

Development programs are underway in numerous system projects: 

¢ Ground alignment equipment 

¢ Floated stable platforms 


¢ Inertial guidance systems 
¢ Flight data computers 
For further information about Daystrom Pacific—their products and services — 
please contact the factory direct. 


openings exist for highly 
qualified engineers 


D STROM PACIFIC gla 
a division of DAYSTROM, INC. =i iS 
9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA Wy 
tn Canada: Export: 
DAYSTROM LTD. DAYSTROM —~ cmatnaens 


840 Caledonia Rd. 100 Empire 
Toronto 10, Ontario Newark 12, New Jersey 
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.--Communications 


Radio Set AN/ARC-57. . . designed 
and developed by THE MAGNAVOX 
COMPANY, is an essential UHF 
communications system, providing 

the utmost in performance and 

reliability for the CONVAIR B-58. 

It clearly demonstrates 

THE MAGNAVOX COMPANY'S ability 

to produce and work as a sub-contractor 
on a complex weapons system. 


Pini | 
Oo ) . # = ly | THE MAGNAVOX COMPANY 


; FORT WAYNE, INDIANA 
COMMUNICATIONS RADAR DATA HANDLING ASW MISSILES 
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Power Sources for Space Explored 


By James A. Fusca 


Space vehicles soon to orbit earth as reconnaissance satellites, probe the 
far side of the moon, and eventually venture into outer space, will require 
steadily increasing amounts of electrical power from sources expected to last 
longer periods of time, weigh less and have less bulk. 


Challenge of competing on the basis 
of technical competency and ingenuity 
as opposed to large capital investments 
in research has lured even some of the 
smallest avionics companies into com- 
petition with the industry’s giants. Be- 
cause the prize will be large govern- 
ment development contracts, no gener- 
ation techmique is being left unex: 
plored as too unconventional. 


Methods Under Investigation 


For example, among the methods 
under investigation at present are: 
@ Nuclear reactors. Reactors small 
cnough to be used as electrical power 
sources in satellites and other space 


vehicles presently are being developed 





by a number of major companies. 

© Radioactive isotopes. Electric power 
can be generated with radioactive iso- 
topes in at least two different manners. 
Charged particles emitted by some ra- 
dioactive isotopes can be collected di- 
rectly as electricity. Also, power can be 
produced by utilizing the heat pro- 
duced when the emitted particles and 
electromagnetic radiation are absorbed. 
e Thermocouples. With a constant heat 
source, multiple thermocouple junc- 
tions can be joined to produce up to 
several hundred watts with high voltage 
and low current or low voltage and high 
current. 

© Fuel cells. Chemical energy of fuels 


Performance of Unconventional Power Sources 


can be converted directly to electrical 
energy without passing through the in 
termediate thermal and 
stages. Simple fuel cell could use ele 
trochemical reaction of carbon and ox, 
gen but the “indirect cell’ which 
utilizes the gaseous reaction products 
of carbon and oxygen have the advan 
tage of being capable of continuous re 
generation to serve aS a power 
without shutdown or recharging. 
e Solar batteries. Solar batteries uti- 
lizing silicon p-n junctions are the 
most efficient direct converters of solar 
energy at this time. Theoretical efh- 
ciency is 22%, and the actual efficiency 
about 10%. 


Other Methods 


Less success has been found thus far 
with other unconventional methods of 
generating electric power, including 
@ Workman-Reynolds effect. This effect 
is concerned with the development of 


mechanical 


source 
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ELECTRIC-HYDRAULIC accessory power unit being developed by General Electric for the Atlas ICBM delivers closely regulated 400 cps. 
electric power and 3,000 psi. hydraulic power. Decomposing hydrogen peroxide drives unit, as shown in diagram. In the photo, decompo- 
sition chamber and turbine are at far left, fuel control valve and gear box just to right. Driven accessories—alternator (a.c. generator), voltage 
regulator, and hydraulic pump—are at the center and right. 


an electrical potential during the freez- 
ing of water. Charge separation effects 
that develop potentials as high as 230 
volts occur between the frozen and un- 
frozen portions of an aqueous solution 
containing traces of inorganic impuri- 
ties. 

© Pyro-electricity. term 


This is the 


given to the potential generated be- 


tween two faces of an oriented crystal 
when it is subjected to direct heating or 
electromagnetic radiation in the infra- 
red spectrum, yielding a current of 
about 5x10~ amp. 

e¢ Thermionic emission. Pure electron 
emission from solids that have been 
heated to incandescence can be consid- 
ered the direct transmission of thermal 
energy into electrical energy. About the 
only practical application of this tech- 
nique envisaged at present would be in 
locations such as an atomic pile where 
large amounts of waste heat might be 
utilized. 

elon permeable membrane. Certain 
membranes have the property of per- 
mitting passage of ions only of one 
sign, the mechanism of conductivity 
similar to that in aqueous solution of 
electrolytes (by mobile ions). A battery 
can be constructed by assembling a group 
of cells so that a flow of ions takes place 
from the first to the last cell. This type 
of battery, however, is capable of pro- 
ducing only about 50 microwatts and, 
additionally, requires recharging. 

With the exception of those depend- 
ing upon nuclear reactions, the tech- 
niques mentioned have been investi- 
gated at the Oklahoma Institute of 
Technology under Air Force contract, 
and the results described in two reports 
published by the Department of Com- 
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merce (PB 131411 and PB 131218, 
$2.00 each). 

Several of the large avionics firms in 
this country are investing heavilv in re 
search on “miniaturized’”’ nuclear _re- 
actors suitable for space vehicle use and 
capable of continuous operation for a 
period of years. 

Less for reasons of security classifica- 
tion than because of the high cost of 
these programs and consequent protec- 
tion of proprietary interests, companies 
have declined to discuss so much as 
their method of approach. 

Some conclusions, however, can be 
drawn from the nature of the environ- 
ment. Size and weight of any unit will 
be critical but cost will be less signifi- 
cant. 

Engineers of Thompson Products, 
Inc. have compared four potential ap- 
proaches to the space vehicle reactor 
© Rankine steam cycle. 
© Closed gas turbine cycle. 

e Mercury Rankine cycle. 
¢ Rankine cycles with highly exotic 
fluids (rubidium, sodium or lithium). 

Rankine steam cycle is the basic 
cycle of conventional steam power 
plants, except that in this case the heat 
conducted to the boiler is generated by 
a nuclear reaction rather than the usual 
fuel. Steam from the boiler drives a 
turbine which drives an electrical gen- 
erator and a pump for returning con- 
densed water to the boiler from the 
condenser. 

Closed gas turbine cycle suffers from 
the disadvantages of low heat transfer 
coefhcients, complex high temperature 
heat exchangers, large plumbing, expen- 
sive compressor and turbine machinery, 
costly working fluid (if helium is used) 


in comparison with the Rankine cycle 

Mercury Rankine cvcle has the advan 
tage of being able to reject heat at rela 
tively high temperatures and still main 
tain high cycle efficiencies, therefore 
requiring a relatively lightweight con 
denser and smaller sized reactor and 
heat exchanger. 

Rankine cvcles utilizing more exotic 
fluids potentially will, when the equip 
ment to handle them at verv high tem 
peratures is developed, provide even 
lighter weight units than the mercury 
cvcle because of their ability to reject 
heat at temperatures greater than 
1,000F. 

On the surface of the earth 
cooling air or water is available as a 
heat sink there is not a verv large dif 
ference in weight between the different 
systems. In space, however, where 
waste heat will not be carried off by con 
duction but must be radiated to space 
from the skin of the vehicle a high ra- 
diator or sink temperature enables the 
designer to minimize the surface area 
and weight of the radiating skin 


where 


Large Firms 


Probably typical of the large firms 
presently in this field is General Elec 
tric Co., which savs it is studving ther 
mionic converters, thermoelectric con 
verters, fuel cells, small nuclear power 
plants, solar converters, and radioactive 
isotopes. 

Object, they sav, is to make an in 
tensive study of the practical applica 
tions for these sources of energy includ 
ing their nature, efficiencies, limitations 
and competitive usefulness so that when 
requirements for space vehicle power 
sources arise the most advanced and 
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TELE! 


Missiles are “flown” on the ground at the new 
Holloman Air Development Center supersonic rocket- 
sled track—saving critical time and money in missile 
development. But such a program sets new require- 
ments on telemetry equipment which collects and pro- 
cesses the data gathered from the “flight.” Stability, 
reliability, and ruggedness are especially important 
for here the equipment is subjected over and over 
again to all manner of extreme environments. 

The: Mark 2 Data system developed by Radiction, 
Inc., meets all the requirements of this application: 
a 10-bit 32-channel transistorized PCM data collect- 
ing package in the sled; a complete and versatile 
digital data-processing, monitoring, and simulation 
system on the ground. The system provides AF scien- 
tists with accurate reduced results of a run in a few 
hours—a significant contribution to missile progress. 


Circle Numb 


95 on R 


d 





From tiny airborne transmitters to comple 
ations, we — the experience _c 


solve you 


Write feday tar: our heoehadil describing this capability. 













Ground 
acilities to 
Stry and data handling. 







PERSONNEL INQUIRIES INVITED, 


RADIATION 








INC. 





MELBOURNE AND ORLANDO, 





FLORIDA 


ELECTRONICS ¢ AVIONICS ¢ INSTRUMENTATION 


P. O. BOX 37 


Service Card 


@ MELBOURNE, FLORIDA 








@ AVIONICS 





|Pressurized Water, 
| | 
as BEES 


i?) 100 200 300 400 500 
Sink Temp., Deg. F 


RELATIVE weights of nuclear power plants 
compared as a function of available heat 
sink temperature. On earth where cooling 
air or water are available as a heat sink there 
is no large difference in system weights. 
Above earth, where waste heat must be radi- 
ated, high sink temperature is necessary to 
limit surface required. 











most applicable methods can be chosen. 

As one step in this direction, the 
company has developed an accessory 
power engine consisting of a turbine 
and generator driven by decomposing 
hydrogen peroxide that has an operating 
cycle of 30 min., obviously intended 
for use with the Atlas. 


Small Firms 


One of the small firms that has en- 
tered into the competition is Radiation 
Research Corp., a firm with a_back- 
ground in the development of direct 
conversion nuclear batteries utilizing 
the isotopes radium, strontium, krypton 
and tritium. 

This company has proposed as a 
power source for space vehicles a di- 
rect conversion nuclear battery utilizing 
a vacuum dielectric—and that space it- 
self which is a much better vacuum 
than is available here on earth be used 
as a perpetual vacuum pump. 

Direct conversion is the process by 
which the charge particles from decay 
of radioactive isotopes are collected to 
develop a potential difference between 
the source and the collector which may 
be the outer casing of the battery. Iso- 
topes used for direct conversion bat- 
teries give off beta particles (electrons) 
only. 

Secondary conversion is a separate 
type of process by means of which the 
particles given off during radioactive de- 
cay are employed to excite phosphor 
light cells which in turn excite photo- 
voltaic cells, or are absorbed and gen- 
erate heat which acts upon thermo- 
couples. 


Principles of Operation 


The proposed battery operates in 
much the same manner as more con- 
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delivery... 
phase-lock 
discriminators 


by Hallamore 


Ready, as a “building-block” for your system application...Hallamore 
Model 0162, phase-lock discriminator, a compact plug-in type unit, has 
been thoroughly proven in telemetering systems of major missile programs. 
Designed around a concept entirely new to telemetry, it eliminates signal 
suppression by noise...non-linearity as a result of filtering...thresholding, 
common at low signal-to-noise levels. For quick action, wire Hallamore 
Electronics Company, Dept. 24P, 8352 Brookhurst Avenue, Anaheim, 
California / TWX: AH-9079. ; 


HALLAMORE 
ELECTRONICS 
COMPANY 





@ division of The Siegler Corporation Forerunner in System Development 
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The Team behind Tall Tom 


By utilizing with optimum efficiency and economy 

the specialized talents of any number of large and small 
organizations, the Hoffman TEAM concept is 

directly applicable to research, development and 
development of the Air Force’s highly sophisticated TALL TOM production of other complex electronic systems. 


The Hoffman TEAM approach (Total Engineering and Administrative 
Management) is a new concept in electronic systems management. Under 
the leadership of Hoffman as prime contractor, the TEAM is concentrating 
the maximum engineering capabilities of eight selected firms on 


(AN/ALD-3) Electronic Reconnaissance System. The TALL TOM TEAM Inquiries are invited regarding the application 
gives promise that the complete system will be delivered of this unique Hoffman TEAM approach 
at a substantial saving in time and money. to your systems problems. 


Hoffman Electronies 


SoS OU base ee eee A 


HOFFMAN LABORATORIES DIVISION / 3740 South Grand Avenue, Los Angeles 7, California 


Weapons Systems - Radar - Communications - Electronic Countermeasures - Navigation 


Semiconductor Applications - Missile Support Equipment .« Electro-Mechanicai Equipment 


Significant developments at Hoffman have created positions for scientists and engineers of high calibre. Please address inquiries to Vice President, Engineering 
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DIRECT conversion nuclear battery proposed for space vehicles utilizes space as a vacuum 
pump to maintain vacuum dielectric. Battery would not operate until vehicle reached an 
altitude where outside pressure has fallen to 1/10,000 atmospheres. 


ventional direct conversion batteries. 
The radioactive isotope is held in the 
center of the battery cavity by metal 
foil which is thin enough to permit at 
least 50% of the beta particles emitted 
to penetrate the foil and reach the beta 
particle collector. 


Interior Cavity 


The interior cavity of the battery is 
connected to the exterior of the vehicle 
by means of a tube. On the ground the 
battery will not generate electricity be- 
cause air in the space between the radio- 
active source and the collector will be 
ionized by the radiation which will 
short circuit the battery. 

As the vehicle is launched, however, 
the internal pressure will decrease with 
altitude. Generation of _ significant 
amounts of electricity will begin when 
the pressure has fallen below 1/10,000 
atmospheres. 

One disadvantage of direct conver- 
sion nuclear batteries is that they de- 
velop very high voltages with very little 
current. For example, Ce-Pr“ has a 
beta particle distribution with a mean 
energy of approximately one million 
volts. 

A second promising isotope Kr 
has a mean energy of 220 kilovolts. 

This disadvantage, however, can be 
cvercome by using a specially designed 
relaxation oscillator utilizing solid state 
devices as a d.c. transformer. If the 
battery output is presumed to be 100,- 
000 volts at 10 microamperes, this 
voltage can be stepped down to 100 
volts at slightly less than 10 milli- 
amperes with about 85% efficiency. 

In practical terms, Ce-Pr“ fission 

roduct is available from the Atomic 

ena Commission in the form CeO, 
which has a specific activity of more 
than .66 watts per gram after three 
years. 

Assuming 50% of the radiated beta 
particles are absorbed by the radio- 


AVIATION WEEK, June 16, 1958 


active material itself, a 25% battery 
collection efficiency, and an 80% con- 
version efficiency, the overall power effi- 
ciency is 10%. 

Thus the power delivered to the load 
is 0.066 watts per gram or roughly 30 
watts per pound at the end of three 
years. 

Theretore, the power source has a 
capability of about 700,000 watt hours 
per pound. 

If CeO, is used as a one millimeter 
thick source, more than one-half of the 
current is emitted from the two sides 
of the source. The total power in this 
case is five watts per square inch and 
the useful power, assuming an overall 
electrical efhciency of 10%, is 500 milli- 
watts per square inch. Theoretically, 
therefore, a stacked battery of this type 
should be capable of delivering five 
watts per cubic inch of radioactive ma- 
terial. 


Kilowatt Source 


Therefore, a one kilowatt source could 
be expected to occupy about five cubic 
feet of space, with allowance for dielec- 
tric spacing and collector plate volume. 

Advantages of the different types of 
nuclear power sources mentioned above 
has generated considerable interest on 
the part of companies presently prepar- 
ing proposals for space vehicles and ex- 
ploratory probes such as satellites to 
orbit the moon and transmit back data 
for periods of as long as a year. 

Much additional research remains to 
be done, both on familiar systems of 
secondary power generation and on 
such new systems as may be uncovered 
with the present highly accelerated pace 
of scientific advancement. 

While primary rocket power will be 
the force that eventually will put man 
in space, secondary power to operate 
equipment for keeping him alive and 
enabling him to function will be one of 
the keys to his eventual success. s 





tr jet engine 


RS 


THAT PROTECT 
YOU AGAINST 
OBSOLESCENCE 
BUT ARE LOW 
IN INITIAL COST 
CONTACT 


MAXIM 


THE MAXIM 
SILENCER 
COMPANY 


Subsidiary of Emhart Manufacturing Company 
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Special engineering competence 
and exceptional test facilities mark 
Admiral’s Antenna Group 


Infinite space is your medium, and the antenna is the gate- 
way through which your signal must enter or exit. Think of 
the antenna as the all-important terminal stage that makes 
or mars the effective performance of your brilliantly con- 
ceived electronic system. Then assign responsibility for op- 
timum antenna design to Admiral’s Antenna Development 
Group. In conjunction with ARDC, BuAer, the Signal Corps 
and CAB, members of this group have designed antennas for 
radio direction finders, radars, microwave relay systems and 
a variety of special military equipments. Three separate test 
facilities are available to the group for plotting precise radia- 
tion patterns. 

Admiral’s Antenna Development Section is one of eight en- 
gineering groups organized for “task force” attack on research 
and development problems in the fields of military elec- 
tronics and nuclear radiation. Send for detailed information. 


Admiral CORPORATION 


GOVERNMENT LABORATORIES DIVISION 
Chicago 47, Ill. 


ENGINEERS. The wide scope of work 

in progress at Admiral creates challenging 
opportunities in the field of your choice. 
Write Director of Engineering and Research, 
Admiral Corporation, Chicago 47, Illinois. 
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MICRO-MINIATURE flip-flop circuit (left), functional equivalent 
of circuit on right, employs novel printed-circuit transistors devel- 
oped by Army’s Diamond Ordnance Fuze Laboratories. 


® AVIONICS 


RCA micro-modules, being developed for Army Signal Corps, con- 
sist of stack of 0.3 in. sq. modules, each consisting of ceramic 
plates containing flat transistors and other circuit elements. 


Space to Spark Avionics Revolution 


By Philip J. Klass 


To meet the needs of space vehicles during the next decade, reliability 
of avionic equipment must be increased over present levels by a factor of at 
least 1,000, and its weight, size and power consumption must be slashed by 
a factor of 100, barring an unforeseen breakthrough in propulsion efficiency. 


Magnitude of this challenge can be 
seen from the fact that all the intensive 
efforts of the past decade to improve re- 
liability and reduce size and weight 
have resulted in gains of no more than 
a factor of 10. 


Advance Is Required 

A few examples illustrate why a giant- 
step function advance is required in the 
state of avionic art: 
© Reliability—200 hr. of maintenance- 
free operation without failure, consid- 
ered more than adequate for aircraft 
where mission duration is 10 hr. or 
less, represents little more than a week’s 
operating time for a space vehicle or 
satellite. For many space vehicle appli- 
cations, minimum of 10,000 hr. of 
trouble-free, zero-maintenance operation 
will be required. 
e Weight—In modern high-speed air- 
craft, price paid in increased gross 
weight per pound of avionic equipment 
carried is 10-20 Ib. For a low-orbit satel- 
lite, using an efficient Vanguard-type 
launching vehicle, each pound of pay- 
load costs 1,000 Ib. in launch vehicle 
weight. To deliver the payload to Mars, 
the figure is approximately 12,000 Ib. 
per pound of payload. 

Power consumption, which has been 
a low-priority consideration in the de- 
sign of aircraft avionic equipment in 
the past, now becomes a critical factor 
tor space vehicles—at least until the ad- 
vent of nuclear propulsion. 

These space vehicle needs are difh- 
cult to meet because the point of di- 
minishing returns has been reached, 
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using present technology. Size of avionic 
components and assemblies has been 
squeezed down until further efforts 
threaten to turn avionics manufactur- 
ing into a jeweler’s art. It also appears 
unlikely that improved manufacturing 
controls and/or testing can boost re- 
liability of present techniques by more 
than a factor of 10. 

Entirely new concepts in design and 
manufacturing now appear necessary to 
meet future space vehicle requirements. 
This will require a fresh look at basic 
fundamentals of the problem to be 
solved, not merely an adaptation of for- 
mer design approaches. 

New manufacturing techniques such 
as the fabrication of complete func- 
tional circuits of micro-miniature size 
by electro-chemical processes, instead 
of the use of conventional components, 
is typical of the kind of approach 
needed (AW June 2, p. 64). Major pro- 
gram to develop be “molecular cit- 
cuitry” will soon be launched by Air 
Research and Development Command. 


Molecular Circuitry 


Molecular circuitry approach _ in- 
cludes the design of semiconductor de 
vices which can perform functions that 
previously required a complex circuit. 
For example, a new semiconductor dec- 
ade counter under development by Bell 
Telephone Laboratories and Radio 
Corp. of America—hardly larger than a 
single transistor—promises to perform 
the same circuit function that previ- 
ously required 80 individual compo- 
nents, including 20 transistors. 


Avionic designers will find the new 
space environment permits certain short- 
cuts just as it presents new problems. 
For example, hermetic sealing of de 
vices may not be required because the 
space environment offers a_ better 
vacuum than can now be achieved by 
the best available factory evacuation 
techniques. However, newly discovered 
intense radiation at altitudes above 600 
mi. (AW May 5, p. 39) raises shield 
ing problems for semiconductors and 
other circuit elements 


Small Quantities 


Fortunately for the avionic equip 
ment designer, number of space vehicles 
likely to be launched during the next 
several vears will be relatively small, and 
these will be able to accommodate only 
a modest amount of avionic equipment 
This makes it feasible to fabricate cir- 
cuitry under a microscope and to use 
intensive monitoring and testing to im 
prove reliability 

A number of companies and agencies 
have micro-circuitry developments un 
der way. Three approaches representa 
tive of the variety of techniques under 
investigation are: 

@eArmy’s Diamond Ordnance 
Laboratories (DOFL) has 
micro-circuitry fabrication 
that permit volumetric 


Fuze 
developed 
techniques 
densities of 
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SIDE VIEW of Army transistor shows it inte 
grally mounted without case in ceramic plate 
and connected to circuitry. 
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From Sanders Associates, Inc., Nashua, New Hampshire... 


RELIABILITY-PROVED COMPONENTS FOR AIRCRAFT, MISSILES, SPACECRAFT 


FLEXIBLE PRINTED 
WIRING 


Sanders Flexprint® 
Printed Circuit Cables and 
Harnesses sharply reduce 
the weight, space and cost of 
electronic and electrical as- 
semblies . . . eliminate wir- 
ing error. Conductors are 
permanently bonded in thin 
sheets of flexible plastic: 
vinyls, polyethylenes, poly- 
esters, silicones, Kel-F or 
Teflon. All lengths and cur- 
rent carrying capacities. 
Meets military reliability 
requirements. 


@) TRADEMARK — SANDERS ASSOCIATES, INC. 


MICROWAVE TRANSMISSION LINE 


Sanders Tri-Plate® Strip Trans- 
mission Line offers broad band 
operation within the frequency 
range 100 to 12,400 me with sub- 
stantial savings in size, weight, 
and cost over conventional coaxial 
and waveguide assemblies. Com- 
ponents in use include variable at- 
tenuators, balanced mixers, hybrid 
rings, directional couplers, low pass 
filters, power dividers, and receiver 
and beacon front ends. 


Call or Write: 


A: SANDEAS ASSOCIATES 910. 


ELECTRO-HYDRAULIC SERVO VALVES 
Two-stage internal force-feedback 
principal converts low input power 
to high output flow. Valves feature 
high frequency response and reso- 
lution, low threshold, and high in- 
ternal stiffness of control over the 
operating range of ~—65°F to 
225°F. Large-area internal filters 
in pilot stage assure reliability. 
Standard flow ranges up to 0-200 
gpm (at 1000 psi pressure drop) ; 
supply pressures to 3000 psi. 


Hy 4 


CONSTANT DAMPING RATE GYRO 


Sanders Subminiature Rate Gyro- 
scope, Type RGB, has a nominal 
damping ratio of 0.5 +0.1 between 
—30°C and +100°C. Simplified 
damping mechanism compensates 
for temperature changes without 
linkages. Features include: lifelong 
hermetic sealing, excellent resolu- 
tion, high sensitivity, small size 
(15/16” D x 2%” L), lightweight. 
Input rates up to +1000 deg /sec. 





NASHUA, NEW HAMPSHIRE + Dayton, Ohio * Inglewood, California * Washington, D.C. 


Circle Number 97 on Reader-Service Card 


a £2 4 28 eee Oe ee 


KEY COMPONENTS PRODUCED BY 
SANDERS ASSOCIATES offer advanta- 
ges of unfailing dependability . . . 
savings in space and weight . . . su- 
perior performance for your guidance, 
control, and detection systems. They 
are available in production quantities 
and may be readily adapted to meet 
special requirements. Sanders also 
offers complete creative engineering, 
design, development, and production 
services with highly specialized ex- 
perience, skills, and manufacturing 
facilities in electronics, hydraulics, 
and electromechanics. Sanders can 
produce individual components or 
complex packaged systems capable of 
meeting extreme environmental and 
performance requirements. 


RADAR ANTENNAS AND SYSTEMS 


Sanders Tri-Scanner® Conical Scan 
Antenna provides three-times the 
information rate of conventional 
fire control antennas. In use on a 
major missile system, it is light- 
weight and statically and dynam- 
ically balanced, and offers unusual 
anti-jam features. Sanders also 
manufactures photoetched slot and 
spiral antennas for flush-mounted 
arrays, beacons, and communica- 
tion systems. 
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NOVEL APPROACH to micro-circuitry (left) is vacuum disposition process used by Varo Manufacturing Co. to produce functionally inte- 
grated circuit in a single series of operations. Carrier generator size, weight is cut 959%. Far greater gains than these appear possible. 
Transistor (right), made by Army printed circuit process, looks like this when enlarged 300 times. One bar is base electrode, the other is 


emitter. Collector is below. 


about 1,000 components per cu. in., 
including 200 transistors, compared to 
50-100 components per cu. in. which 
is best obtainable today with conven- 
tional components and_ techniques. 
Further research may increase volu- 
metric density to as high as 10,000 
components per cu. in., DOFL scien- 
tists believe. 

© Radio Corp. of America, under Army 
Signal Corps contract, is developing 
“Micro-Modules” which bear some re- 
semblance to Navy's Tinkertov con- 
struction. 

They are expected to vield volu- 
metric efficiencies of 300 to 400 com- 
ponents per cu. in. RCA says this will 
provide up to 90% reduction in size 
and nearly as much in weight over pres- 
ent sub-miniature construction. 

e Varo Manufacturing Co., under Of- 
fice of Naval Research sponsorship, is 
experimentally fabricating complete 
functional circuits (except for transis- 
tors) by evaporative depositing tech- 
nique. Company officials predict their 
micro-circuitry technique can achieve 
equivalent of 100,000 components per 
cu. in., perhaps as many as | million per 
cubic inch eventually, with very sig- 
nificant reductions in weight. Servo- 





mechanisms, Inc., also is working with 
evaporative deposition techniques for 
making components and circuit ele- 
ments. 

The Diamond Ordnance Fuze Labor- 
atories program, currently in the pilot 
production stage, has contributed at 
least two advances in micro-miniaturi- 
zation fabrication art: 
¢ Concept of mounting uncased tran- 
sistor crystals integrally with associated 
circuit elements on tiny printed circuit 
plates, with complete assembly subse- 
quently encapsulated for protection 
against contamination. 
© Photolithographic process for making 
transistors which lends itself to mechan- 
ized production. 

When the transistor was first devel- 
oped it was so much smaller than the 
vacuum tube it replaced that no one 
worried about the fact that the semi- 
conductor crystal forming the heart of 
the device actually occupied less than 
$% of the total volume—the rest con- 
sisting of case, base, crystal, support, 
leads and vacuum or inert gas. 

In seeking ways to achieve further 
miniaturization for fuze applications, 
DOFL scientists concluded that the 
transistors—even with the more recent 


DUCTOR 


RESISTOR 


miniature size cases—had become a 
limiting factor to further gains in size 
and w eight reduction 

Transistor enclosure, crystal support- 
ing frame and leads are eliminated and 
the semiconductor crystal is mounted 
directly in a tiny hole in the printed 
circuit plate, like a cork in a bottle 
l'ransistor elements (emitter, base, col- 
lector) are then electrically connected 
tc adjoining circuit elements by means 
of thin aluminum conductors laid down 
by evaporative deposition process, ac- 
cording to Dr. J. W. Lathrop of the 
Fuze Lab. 


Micro-Circuit Elements 


Tiny steatite ceramic plates, smaller 
than an adult’s thumb nail, serve as a 
base for construction of DOFL’s micro- 
cicuitry. Plate measures 4 x 4 in. and 
is 0.02 in. thick. Conductors are pro- 
duced by a silk screen process using 
silver paint, which is then permanently 
fixed to the base plate by oven firing 
Resistors also are produced by silk 
screen process to within 20% of desired 
value. 

Capacitors are produced on separate 
blanks, measuring only 0.1 in. square 
Blank material is selected according to 


DIODES 
(BEHIND PLATE) 


' CAPACITOR 


FABRICATION sequence of Army Diamond Ordnance Fuze Laboratories micro-circuitry, starting with original ceramic plate, shows addi- 
tion of silk-screen produced conductors, machining, addition of resistive material, finally transistors, capacitors. 
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Models for: 27 Volt, D. C. 
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At Dynamic your needs receive 
the experienced analysis and 
careful recommendations gained 
from over 15 years of research 
and manufacturing experience, 
devoted exclusively to aircraft 
and airborne equipment. In many 
instances the modification of one 
of Dynamic’s 100 proven active 
models will save you weeks, or 
even months of time and remove 
the uncertainties which enter 
into a new installation. 
Remember too, Dynamic makes 
the entire unit including the 
motor, so responsibility for 
warranty rests squarely with us 
and schedules are met. 
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7412 Maie Avenue, Los Angeles 1, California 
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TYPICAL WAFER COMPONENTS 
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2 ~~. YPICAL MODULE ASSEMBLY 


ALL POSSIBLE components used in RCA micro-modules will be fabricated with flat form 
factor directly onto small ceramic plates which are later stacked, connected into circuit. 


dielectric constant required for value of 
capacitance. Silver paint laid down by 
silk screen process produces capacitor 
plates. Capacitors are then flush- 
mounted in small indentations ma- 
chined into the larger circuit base 
plate. 

At present, 0.01 mfd. is the largest 
capacitor that DOFL produces, but 
these can be flush mounted in a back 
to back fashion to double this value or 
interconnected to give higher values. 
Flush mounting of capacitors is a space 
saving feature which permits resistive 
elements to be placed on top of a 
capacitor. 

Producing inductors, particularly in 
larger values, remains one of the major 
unsolved problems in DOFL’s micro- 


circuitry according to 
Lathrop. 

This limits the technique to circuits 
which require only resistors, capacitors, 
transistors and diodes, such as RC 
coupled amplifiers, digital computer 
flip-flop and binary counters. Technique 
also is limited to low power/current ap- 
plications, and to circuits where toler- 
ances on individual component values 
are not critical. American Bosch Arma 
Corp., one of several companies inves- 
tigating the DOFL technique, believes 
it may enable the company to slash 
size and weight of Titan guidance com- 
puter by factor of 10 over best obtain- 
able with present sub-miniature con- 
struction. 

Photolithographic process for fabri- 


approach, 


MINIATURE transistor radio receiver (below) of conventional construction can be squeezed 
into a fountain pen size container (above) using RCA’s micro-module construction. 
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MARION MECHANISMS 


... designed to meet system objectives 


Each of these Marion mechanisms is a solution to a specific indicating or 
control problem encountered in some particular instrument application, 
including those illustrated on the preceding page. Engineering, in each case, 
was begun and carried through to achieve a certain combination of weight, 
size, readability, stability, ruggedness, or other mechanical and electrical 


characteristics. New materials, in new configurations, are often essential. 


Marion Mechanisms are providing, in the latest and most advanced inte- 


grated indicating systems, proof of the virtues of this design approach. 


marion electrical instrument company 
Grenier Field, Manchester, New Hampshire 


COPYRIGHT® 1957, MARION 








END PIVOTED HIGH TORQUE 
EXPANDED RANGE NAVIGATION 
COAXIAL, CENTER PIVOTED FLAG 
COAXIAL TORQUE GENERATOR 
CLASSIFIED 

RELAY 


FLEXURE PIVOTED HIGH TORQUE RECORDING 
PEN MOTOR 


END PIVOTED HIGH TORQUE FLAG 

KING SIZE END PIVOTED HIGH TORQUE 
SECTOR DISPLAY STEERING INDICATOR 
NO JEWELS. NO PIVOTS. NO HAIRSPRINGS 
INTERNALLY PIVOTED SLIM MEP! 


INTERNALLY PIVOTED WIDE ANGLE BIASED 
DISPLAY 


7/16" SUB-MINIATURE ANNUNCIATOR 


HIGH ACCURACY SHIELDED 





cating transistors is not limited to units 
intended for micro-circuitry. Number 
of transistor manufacturers are currently 
experimenting with the process for pos- 
sible use in making conventional semi- 
conductors. Although problems remain, 
the technique holds promise of a 
moderately low-cost, mass-production 
method for making semiconductor de- 
vices. 

DOFL has successfully used its photo- 
ctch technique to produce P-N-P dif- 
fused base germanium transistors, cap- 
able of operating in medium frequency 
range. Current investigations indicate 
the technique may be even easier to 
apply to silicon devices, although none 
has vet been made by DOFL. 

Starting with tiny P-type germanium 
blanks (0.045 in. sq. by 0.01 in. thick), 
into which pales, been diffused to 
provide a thin (9 microns) layer of N- 
type germanium on one surface, a coat 
of photo-sensitive material is laid down 
on the N-type surface. This is exposed 
to ultra-violet light through a mask or 
photo-negative containing a rectangular- 
shaped pattern with length-to-width 
ratio of about 3 to 1. Blank is then 


dipped into developer solution, which | 


removes rectangular shaped area of the 
photo-sensitive coating. 

Next the blank is exposed to alu- 
minum vapor which deposits over entire 
surface, making contact with N-ty 
germanium layer only in etlnnides 
area previously etched away. Remainder 
of 4 wean Ha coating is removed 
and blank is heat treated to form alloy 
junction between aluminum rectangle 


and the N-type germanium to produce 


the transistor emitter. 


Similar process is used to lay down a 


parallel rectangular area of gold (with 
small amount of antimony added) to 


form the base electrode. A third etching | 


operation removes unwanted portions 
of the N-type layer, leaving a pedestal 
which supports the two parallel rectang- 
ular shaped deposits. 

When the device is viewed from the 
side under a microscope it resembles a 
railroad track on a gravel roadbed. ‘The 
base and emitter resemble the two 
tracks, the remaining pedestal of N-type 
germanium layer resembles the gravel 
roadbed, while the thick P-type ger- 
manium collector resembles the earth. 
(See sketch, photos.) 

Similar photo-etch processes are used 
to deposit thin aluminum conductors 
which connect transistor electrodes to 
other circuit elements after transistor 
crystal has been mounted in steatite cir- 
cuit board. 

Maximum alpha cut-off frequency of 
the several dozen transistors produced 
to date by DOFL is about 20 mc., but 
figures as high as 600-800 mc. may be 
possible, according to James Nall. Op- 
erating frequency can be increased by 
reducing width and length of the rec- 
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BAUSCH 4&4 LOMB OPTICAL CO. 
88358 St. Pau! Street, Rochester 2, N.Y. 


Please add my name to your distribution list 
of B&L Infra-Red Progress Reports. 


i ZONE ...... STATE .......... 
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Save Time 
From Touchdoun. to Take-offs— 


Time on the ground costs money between 
touchdown and take-off. Any aviation product 
which can cut “ramp time”, cuts an airline’s 
operating costs. Sinclair Aircraft Oils have earned 
the reputation for prolonging engine life — 
cutting maintenance. Proof of this is the fact 
that 45% of the oil used by major scheduled 
airlines in the U.S. is supplied by Sinclair. Isn’t it 
time you, too, cut your cost of operation by 


using Sinclair Aircraft Oil? 


SINCLAIR “cis” 


Sinclair Refining Company, Aviation Sales 
600 Fifth Avenue, New York 20, N. Y. 
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Airborne 
Miniaturized 
Mylar* 
Capacitors 
help reduce 
weight and 
bulk in 
electronic 
packages 


Developed originally for motor start 
and run purposes, Airborne minia- 
turized “Mylar” capacitors are cur- 
rently finding increasing application 
in electronic circuits where small 
size, light weight, and high reliability 
are of paramount importance. 

Typical of such applications is one 
of our own servo control amplifiers, 
shown above. Used as a component 
of an Airborne-designed oil tem- 
perature control system for high per- 
formance aircraft, the amplifier con- 
sists of a .1% precision resistance 
bridge, stable feedback transistor 
amplifier, reference oscillator, phase 
demodulator, and relay output am- 
plifier. Production units employ 
printed circuitry. 

Two of Airborne’s miniaturized 


LINEATOR® «© ROTORAC® 


Amplifier for oil temperature servo control system utilizes 
Airborne miniaturized ‘‘Mylar’’ capacitors to save weight and in 
sure high reliability. Entire system, including rotary actuator, is 
Airborne produced and is designed to meet specifications MIL-E- 
5272A, MIL-E-5400A, etc. Environmental requirements include 
—65 to +200°F. and up to 60,000 ft. altitude. 


“Mylar” capacitors are utilized in 
this particular amplifier — a .1 mfd 
unit for tuning in the reference oscil- 
lator section of the amplifier and a 
.2 mfd unit for phase shift correction 
in the stable feedback transistor 
amplifier section. Capacitors are 
epoxy encased and are designed to 
meet or exceed Government speci- 
fication MIL-C-25A. 

Wound of thin metallized “Mylar” 
film, Airborne miniaturized capaci- 
tors are rated up to 600 v d-c, 330 v 
a-c and have an operating tempera- 
ture range of —75 to +300°F. At 
300°F they will withstand 120% 
rated voltage for 250 hr. 

Write, phone or wire for more 
information on Airborne special de- 
sign miniaturized “Mylar” capaci- 


TRIM TROL® . 


DIRBORNE—~ 


ROTORETTE® 


tors. Inquiries are also invited on 
complete electromechanical control 
systems. 


*Du Pont’s trademark for its polyester film 


TYPICAL SPECIAL CAPACITORS 


E-8109 Style E-8104 Style 


CATALOG 578 


Gives detailed information 
on Airborne special de- 
sign miniaturized ‘‘Mylar’’ 


capacitors and Airborne 





R.F. filters. Write for copy. 


e ANGLgear® «© ROTOLOK 


AIRBORNE ACCESSORIES CORPORATION 


Represented 
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HILLSIDE 5, NEW JERSEY 


in Canada by: WINNETT BOYD LIMITED « 745 Mt. 
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tangular electrodes. These already are 
down to about 0.01 in. Further reduc- 
tions are possible, but not easy, because 
of problems of grain size in photolith 
negatives and maintaining registry. An- 
other possibility is to use different elec- 
trode shapes and this is currently under 
investigation. 

Same basic technique can be used to 
produce semiconductor diodes, with a 
circular electrode on a circular pedestal 
instead of rectangular configuration used 
in transistor. 


RCA’s Approach 


Radio Corp. of America’s approach 
to micro-circuitry for the Signal Corps 
program will use combinations of 0.3 
in. sq. modules of varying thickness, de- 
pending on the function of the module’s 
circuit. Each module in turn will con- 
sist of an electrically interconnected 
stack of 0.3 in. sq. ceramic wafers, 0.01 
in. thick, each containing one or more 
components (see sketch, p. 246). There 
will be provision for shielding or isolat- 
ing individual wafers as required. 

RCA’s wafer module bears some re- 
semblance to the Navy Tinkertoy mo- 
dule but RCA wafers will have only 
about one-ninth as much surface area. 

Wherever possible components will 
be fabricated directly on the thin cer- 
amic wafers. This will include transis- 
tors, diodes, capacitors and resistors. A 
few components such as larger induc- 
tors may be fabricated separately and 
then mounted on a wafer. 

Fabrication of individual wafers and 
complete modules is “ideally suited for 
automatic manufacturing with com- 
pletely controlled processes,” according 
to B. V. Dale, chief engineer of RCA’s 
components division. 

Company already has built experi- 
mental samples of a complete broadcast 
radio receiver in a fountain-pen size con- 
tainer using new micro-circuit modules. 

Here is brief run-down of RCA’s 
planned approach to fabrication of 
components for its micro-modules: 

e Transistors—RCA’s Semiconductor 
Division has produced samples of a flat- 
alloyed transistor construction which 
appears ideal for wafer configuration. 

¢ Resistors—Investigations to date indi- 
cate that both carbon composition and 
highly stable carbon or metal precision 
quality resistors in values ranging from 
10 ohms to 1 megohm can be produced 
on the tiny wafers. 

e Capacitors—Using wafers made of 
controlled temperature coefficient mate- 
rials as a dielectric, it is possible to pro- 
duce precision capacitors with values of 
1 to 100 mmfd. For higher capacitance 
values, RCA is developing processes for 
depositing thin dielectric films on the 
wafer. Company has produced capac- 
itors with values up to 1 mfd. by these 
techniques. Investigations to date indi- 
cate that wafer type electrolytics can be 
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e Eastern 


which one knows what the little box is for? 


You know, because you, like the little black box; 
are of and for the Space Age. It’s a miniature 
high-speed commutator which will operate prac- 
tically forever, sampling up to 30 low-level ac or 
de inputs at speeds up to 2500 samples per sec- 
ond. Weighing considerably less than a pound and 
occupying less than 30 cubic inches, this new 
achievement of the Wiancko Engineering Company 
is ideal for telemetering applications under severe 
environmental conditions. High, accurate output, 
extremely long life and reliability, cascading cap- 
ability, and a great variety of switch speeds are 
all inherent characteristics of this small package. 
The Wiancko reputation for reliability and accu- 
racy is combined in this little box with some pretty 
advanced engineering. 


Of course, you knew this all along, but if you'd 
like to know more, there is a brand new Bulletin, 
Number 103, that is yours for the asking. 


WIANCKO ENGINEERING COMPANY 


255 North Halstead Avenue, Pasadena, California 


e Northern California 
No. 2 South Maple Ave. Cowper-Hamilton Bidg. 
Ridgewood, New Jersey Palo Alto, California 

Phone: Glibert 4-2444 Phone: DAvenport 6-7053 


ad 


e Southern California 


3410 E. Foothill! Bivd. 
Posodena, California 
Phone: Elgin 5-7186 
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They try to “make life difficult” 


The brittle cold of the stratosphere . . . the heat of air-skin 
friction ... the acceleration and vibration of launch and 
flight ...the unfavorable conditions inherent to storage 
and handling... all these factors can play havoc with a 
guided missile. 

Hughes Research and Development engineers have de- 
signed the Falcon air-to-air guided missile to operate under 
the most severe conditions. Environmental testing (see 
Sand & Dust Test at left) subjects missiles to extremes in 
temperature, shock and other trouble-making conditions. 

The Falcon missiles, with either infrared and radar guid- 
ance systems, measure only about 6)4 inches in diameter. 
Complex guidance, control and auxiliary systems of each 
missile are installed in a space no bigger than a stovepipe. 


The research and development skill required to success- 
fully engineer the Falcons typifies the challenge present 
today in other Hughes guided missile assignments of a more 


Collapsing the time between missile development and its effec- 
tive tactical use is a project assigned to the Hughes Tucson Engi- 
neering Laboratories. 





An immediate need now exists for engineers in the following areas 


Computer Engineering 
Crystal Filters 
Microwaves 

Field Engineering 
Aerodynamics 


Circuit Design 
Reliability 
Communications 
Environmental 
Vacuum Tubes 


Write, briefly outlining your experience, to Mr. Phil N. Scheid, 
Hughes General Offices, Bldg. 6-B, Culver City, California, 











So 1956, HUGHES AIRCRAFT COMPANY 


classified nature. A few of the areas being emphasized by 
the Hughes Research and Development Laboratories in- 
clude missile launchers and power plants, guidance systems, 
reliability, product design, microwaves, acrodynamics, 
field test and telemetering, stress analysis and related areas. 


High orders of engineering skill are also manifest in 
other Hughes activities. The commercial area, Hughes 
Products, has recently announced the development of a 
numerical control system which will automate a complete 
and integrated line of machine tools. The Hughes Ground 
Systems Division has developed a radar antenna which 
provides three-dimensional target data from a single an- 
tenna, transmicter and receiving channel 


Apart from the diversity of activity and the highly re- 
warding type of work, prospective employees may have 
confidence in the fact that Hughes will retain its leadership 
in the field of advanced electronics. 


Se advanced is the test equipment being designed by Hughes 
engineers in the El Segundo Manufacturing Plant that the test 
equipment is often as complex as the advanced systems being tested. 


Creating a new world with ELECTRONICS 


HUGHES AIRCRAFT COMPANY 
Culver City, El Segundo, 

Fullerton and Los Angeles, California 
Tucson, Arizona 








MINN we 





\% actual size 


actual size 


* 
U.S. PATENT 2,419,018 


4 actual size 


AMPHENOL ELECTRONICS CORPORATION 
chicago 50, illinois 
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built in values from 0.1 to 10 mfd. 

e Inductors—Toroidal windings using 
ferromagnetic cores will be used to mini- 
mize spurious radiation and coupling 
problems. Inductance values ranging 
from fractions of a microhenry to as 


high as 10 mh in wafer sizes appear 
realizable. To eliminate need for large 
audio inductors and transformers, RCA 
expects to make use of complementary 
symmetry techniques in application of 
transistors. 
eTuning elements—Reverse-biased 
semiconductor diode appears to be the 
most promising approach to tuneable 
elements because it is extremely small, 
has negligible temperature coefficient 
and hysteresis, according to Dale. 
RCA’s current $5 million Army con- 
tract, which runs for two years, is 
expected to bring its micro-module pro- 
gram to the point where pilot sai 
tion models can be fabricated. 
Although RCA’s immediate goals re- 
quire the use of more or less conven- 
tional extensions of existing component 
techniques, the micro-module concept 
is broad enough to incorporate new con- 
cepts in complete solid state circuits 
which might be developed in the future. 
according to O. B. Cunningham, chief 
engineer of RCA’s Surface Communica- 
tion department. 






Varo Micro-Circuitry 


One of the most ambitious and futur- 
istic approaches to micro-circuitry is 
that being developed by Varo Manu- 
facturing Co., a Garland, Tex., avionics 
manufacturer. Company began active 
investigation of use of vacuum deposit- 
ing process for fabricating complete 
functional circuits about two years ago. 
Office of Naval Research took over 
program sponsorship about a year ago 
because the technique looked like a 
promising way to reduce size and weight 
greatly and improve reliability of an air- 
borne digital computer required for 
ONR'’s integrated cockpit display pro- 
gram. 

Varo now works closely with Servo- 
mechanisms, Inc., whose scientists are 
developing new materials for possible 
use in the latter rage iy program to 
produce extremely high temperature 
components by the vacuum depositing 
process, (AW Sept. 30, 1957, p. 70.) 

In the evaporative depositing process, 
a conducting, semi-conducting or di- 
clectric material is heated to its vapor- 
izing temperature under a high vacuum. 
The vaporized material then deposits in 
a thin film on a suitable substrate (base). 
Shape of the film deposited can be con- 
trolled by placing a mask of desired 
shape between vapor source and sub- 
strate. 

Another possibility currently being 
investigated by Varo is to charge the 
vapor particles, then use a magnetic 
field to deflect the ion beam to trace out 
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New GENISCO 

flight control 
accelerometer permits 
check out of system 
reliability prior to, or 


during, flight operations 


he 


emis. word 
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( yenisco 


INCORPORATEDO 











2233 FEDERAL AVENUE + LOS ANGELES 64 « CALIFORNIA 


This newest Genisco instrument is a modified 
version of the unusually rugged, military certified 
Model DDL Accelerometer. The Model DDL 
was developed specifically to withstand severe 
vibration and stress in high-speed aircraft, guided 
missile and fire control system applications. It is 
now in use on many of the nation’s fastest opera- 
tional jet fighter aircraft. 


In the new Model DDT two miniaturized sole- 
noids have been added to the basic design of the 
Model DDL. When actuated, these solenoids dis- 
place the mass through its full range permitting 
rapid, functional tests of system reliability prior 
to, or during, flight operation. 

Only brief specifications of the Model DDT are 
given below. Copies of Technical Data Sheets 
giving complete specifications will be sent upon 
request, 

Because most parts of the new Model DDT are 
interchangeable with the Model DDL now in 
high-quantity production, price and delivery are 
particularly good. 


BRIEF SPECIFICATIONS 


Range: +0.1 Gto +7.5 G's. 

Natural Frequency: 5 cps to 27 cps. 

Linearity: +1% of full scale for balanced range 
instruments. 

Damping: Nominally 0.7 of critical at +-75°F. 

Temperature: Operates to specifications between 
—65°F. to +275°F. 

Vibration: 10 G's at 10 to 1500 cps on any axis. 

Shock: 40 G’s of 7 ms duration on non-sensitive axes; 
100% overload of 7 ms duration on sensitive axis. 

Pressure: Operates to specifications at any altitude. 

Size: 34%" x 24%" x4", approx. 

Weight: 3.2 Ibs. 


Inquiries to determine possible variations welcomed 
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the desired pattern on substrate—simi 


Giannini lar to use of a magnetic field to deflect 


electron beam in a TV tube. 


Structure of the thin film can _ be 

PRE SSURE TRANSDUCE RS | controlled by the choice of substrate 
material and/or its surface temperature 

for any airborne application | ‘This suggests that it should be possible 

to produce transistors by the same proc 

ess. Both Varo and Servomechanisms 


These instruments are typical of the extensive have produced semiconductor diodes by 


Giannini line of presssure transducers: evaporative depositing process and it 
appears to be just a question of time 


until field effect transistors can be fab 
ricated the same way. 


451218 “CUBIC INCH” 
COMPACT Complete Circuits 


LIGHTWEIGHT SIZE: One inch cube Varo’s work is aimed at producing 


WEIGHT: 2 qunces integrated functional circuits by vacuum 
RESOLUTION: to 300 wires (0.33%) deposition rather than merely fabricat 
ing a collection of individual compo 
RANGE: 0-15 to 0-50 psi (a, d or g) nents. As a result it not only achieves 
major size and weight reduction, but 
frequently ends up with improved cir- 
cuit performance. 

For example, in many filter networks 

451212 HIGH LEVEL OUTPUT it is possible to improve performance 

HIGH ACCURACY characteristics if network is constructed 

RESOLUTION ACCURACY: 1% of reading for most of an infinitely large number of con- 

applications (considering linearity, ventional components (distributed con- 

hysteresis and repeatability) stants). But because of cost, size and 

RESOLUTION: 2000 wires (0.05%) weight considerations, the circuit de 

signer compromises for a less idealized 

RANGE: 0-10 to 0-50 psi (a, d or g) network using far fewer elements 
(lumped constants). 

In producing an RC network, Varo 
can deposit patterns of conducting and 
resistive films on opposite sides of the 
substrate so they jointly perform like a 
45154 HIGH VIBRATION distributed constants network. This is 


LOW VIBRATION: 25g to 2000 cps actually easier and less costly than pro- 
PRESSURE : ducing the less desirable lumped con- 


REPEATABILITY: 0.8% stants network. 
RESOLUTION: to 250 wires (0.4%) Varo has developed techniques which 


, make it possible to simultaneously evap 
RANGE: 0-10, 0-15, 0-20 psi (a, d or g) orate several different types of material. 


mix and deposit them on the substrate 
in controlled proportions. This “molec 
ular metallurgy,” as Varo refers to it, 
permits the alloving of materials with 
461227 BOURDON TUBE widely different vaporization tempera 

Tels tures—something that cannot be donc 
VIBRATION: 36 g to 2000 cps for special by conventional metallurgical processes 

PRESSURE applications Molecular metallurgy opens the way 
RESOLUTION: to 400 wires (0.25%) to creating new types of materials that, 


for example, can be used to produce re- 
RANGE: 200-10,000 psi (a, d or g). sistors with linear or non-linear charac- 


taristics, with a variety of temperature 
: , coefficients, according to Jack Smith, 
Detailed Bulletins are available on Varo’s vice president of engineering. 
these transducers...write for them today. In the course of developing molecular 
circuitry fabrication ebaieen, Varo 
has produced an interesting variety of 
2 eS experimental integral circuits. Although 
Giannini measures & controls: PRECISION Sinith naslonions that there has ban 
BE? dees INSTRUMENTS | no attempt to achieve maximum pos- 
wf aloe Ad 2 ya ahaa sible iaisusliatlen at this stage, no- 
> 2 + Vg? op Saee Se table size and weight reduction already 
; : has been realized. Representative cir 





its that Varo has luced include 
TP MoT PP. TAS | cuits that Varo has proc ucec 
Bloes ee sp e Carrier generator (RC oscillator) orig 


G. M. GIANNINI & CO., INC, 918 EAST GREEN STREET, PASADENA, CALIF. inally consisting of eight resistors, six 
capacitors and u subminiature tube has 


~ 
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One of GPL’s ground speed and 
drift angle measuring equipments, 
AN/APN-81, provides basic input in- 
formation to computers which tell Air 


Force WB-50s exactly where they are 
every flight second. 

GPL auto-navigators give an instan- 
taneous and continuous display: 
Ground Speed and Drift Angle; Wind 
Speed and Direction; Longitude and 
Latitude; Shortest Course-To-Destina- 
tion; Steering Signal To Pilot (or auto- 
pilot). 


round s 
&- drift angle 


ANY TIME, ANYWHERE, ANY WEATHER 


One look and the pilot KNOWS. At a glance, he 
reads actual ground speed and drift angle, displayed 
on his flight panel — automatically, accurately, and 


continuously. 


How? Through the famous RADAN* family of 
self-contained GPL Doppler auto-navigators, recently 


released for civilian use. 


The systems were developed for the 
Air Force (WADC). They are the re- 
sult of an achievement comparable in 
magnitude to the breaking of the sound 
barrier: GPL’s harnessing of the Dop- 
pler-effect to air navigation. 

The benefits of these GPL systems 
extend to every area of flight. Their vast 
potential has just begun to be explored, 


peed 





GPL systems have behind them many millions of 
operational miles in transcontinental, oceanic and 
polar flight. RADAN systems herald a new era of 


faster, safer, more economical civilian flight. 


RADAN is ready and available now to everyone. 





For civilian aircraft, RADAN systems mean pin- 
point navigation, reliability, savings in precious time 
and fuel, a priceless margin of safety. In its wide and 


growing applications for the military, RADAN pro- 





vides all these, and continuous velocity data as well. # GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 


*Trademark 


ENGINEERS — GPL achievements have opened up some unusual research and development opportunities. Send resumé to Personnel Manager. 
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LINK YOUR CAREER TO TOMORROW 





Sure, there’s a lot of dreaming still to be done in 
electronics! But there’s an awful lot that needs doing. 
Link Aviation, Inc., pioneer of flight simulation, 
is now operating fine new laboratories at Binghamton, 
New York and Palo Alto, California, for that very 
purpose ...to put electronics to work at new exciting 
jobs. A selected number of engineers are needed 
at this time. 

There are many reasons why Link chose these 
communities for their laboratories. 

You can settle down and raise a family. And, if 
you intend to continue advanced technical study, you 
can benefit from the Honors Cooperative Program that 
provides advanced study, under regular University 
curriculum, during working hours with all tuition 
expenses paid by Link. The engineers Link selects will 
not be the type who have mere “competency” as their 
standard. Nor will they be the ivory-tower genius type 
(though some works of genius may be expected). What 
Link needs is men who will carry projects through from 
concept to development. In addition to providing you 
with a comfortable physical climate in which to live, an 
ideal mental climate in which to work, and an enviable 
academic climate in which to advance your studies, 
Link furnishes you with all those employee benefits you 
associate with the most advanced management practice. 
Fine pay. Good vacations. Generous hospital, health and 
retirement benefits. Link is right in believing “we speak 
your language” because management men are engineers. 
They understand your work and point of view. This kind 
of administration provides 
engineering thinking right up to 
policy level. If this stimulating 
climate appeals to you... 

Write: 

Mr. M. E. Jenkins LINK AVIATION, INC. 

Link Aviation, Inc., Dept. X-3 


Binghamton, New York Binghamton, 
Or: New York 


Mr. Joe Larko 

Link,Aviation, Inc., Dept. X-3 
P.O. Box 1313 

Palo Alto, California 
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Satis Report 


KEARFOTT INERTIAL SYSTEMS 


The unmatched precision of 
Kearfott's lightweight inertial sys- 
tems has been .proved by 4 years 
of exhaustive flight testing. These 
systems are in production. 


INERTIAL PLATFORM 


The ability of any weapon to perform its missi 
is a function of the precision and reliability of its : 
guidance system. Kearfott has been producing . 
inertial components and systems for missile and 
COMPUTER-AMPLIFIER _ om, aircraft applications for more than 7 years. You can 
ANALOG OR DIGITAL Pee 
P -look t6 Kearfott for the precision and reliability required 
in the design and production of this equipment. 
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KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, !il. 
South Centra! Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


DISPLAY AND CONTROL PANEL 
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been duplicated by molecular circuitry 
techniques with approximately a 20 to 
1 reduction in size and weight. Im- 
proved performance obtained with dis- 
tributed constants network permits use 
of transistor instead of sub-miniature 
tube used in original version. 

© Eccles-Jordan binary counter, orig- 
inally employing seven resistors, four 
capacitors and two transistors has been 
reproduced entirely by vacuum deposi- 
tion, except for two transistors. 

¢ DC amplifier, consisting of four tran- 
sistors and 12 resistors. 


Improved Reliability 


By eliminating most of the soldered | 


interconnections required in conven- 
tional construction, Varo believes it 
will get rid of a major source of unre- 
liability. An even more important relia- 
bility gain should result because of the 
inherent cleanliness of the evaporative 
deposition process. Fabrication takes 
place under vacuum at elevated tem- 
peratures. Process of “boiling” the 
working material, like distillation of 
water, tends +eseparate out many un- 
wanted impurities in the working ma- 
terial. It also is possible to use tech- 
niques such as those employed in mass 
spectrometers to segregate unwanted 
clements in the working material vapor. 


Industry Impact 


Whether the evaporative deposition 
or some other process ultimately proves 
best for fabrication of molecular cir- 
cuitry, there can be little doubt that 
the impact of this new concept will be 
felt throughout the electronic industry 
—including consumer products. 

The molecular circuitry could upset 
traditional lines of demarcation be- 
tween component and equipment man- 
ufacturers. Because it is a direct threat 
to conventional components, compo- 
nent manufacturers may be expected to 
consider developments of this sort. 

However, development of molecular 


circuitry will require more investnrent | 
in long-hair basic and applied research | 


than many small component makers 
can afford. It also will require consider- 
ably more knowledge of circuit design 
than at present. Perhaps a number of 
smaller component makers will take a 
leaf from the book of medium-size avi- 
onic equipment manufacturers who are 
now forming teams for pooling of funds, 
facilities a manpower to submit joint 
proposals on projects too large for any 
one firm to handle. 

Major efforts probably will be carried 
on by major equipment manufacturers, 
many of whom also are heavily engaged 
in component and semiconductor work, 
such as American Telephone & Tele- 
graph Co., General Electric Co., Inter- 
national Business Machines Corp., 
Hughes Aircraft Co., Philco, RCA, and 
Texas Instruments Inc. a 
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under ideal 
conditions at 


RASCOPE 


Computer—Contro/s — Components 


Design—Development—Manufacturing 


You can be assured of ideal working conditions at well located Librascope. Why? 
Because of the physical plant: air-conditioned, ultra-modern; the location: at the a 


edge of the foothills; near Los Angeles, Hollywood and the pleasant residential family 


areas of Burbank, Glendale, Pasadena. 


A company with highest professional and technical standards. If you are an M.E. or 
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Engineers! Designers! 


THERE IS NO SUBSTITUTE 


FOR RELIABILITY! 


Specify — 
PERFORMANCE 
PROVEN “MAG MOD" 


MAGNETIC 


MODULATORS 


For complete 

specifications and 

@pplication data on “Mag Mod” 
Miniature and Standard 
Components, call or write. 


A 


Miniaturized design permits 
enginee:s to employ these 
new components in transis- 
torized printed circuit as- 
semblies and wafer type 
structures. All models offer 
maximum reliability, fully 
ruggedized construction and 
conform to MIL-T-27A speci- 
fications. 


@ COMPLETE RELIABILITY 

© INFINITE LIFE 

@ FASTER RESPONSE TIME 

® NEGLIGIBLE HYSTERESIS 

® EXTREME STABILITY 
(Ambient Temp. Range 
from —75° to +-135°C) 

® COMPACT SIZE 

® LIGHTWEIGHT 


Typical circuit applications 
for Magnetic Modulators are 
algebraic addition, subtrac- 
tion, multiplying, raising to a 
power, controlling amplifier 
gains, mechanical chopper 
replacement in DC to funda- 
mental frequency conver- 
sion, filtering and jpw signal 
level amplification. 


GENERAL 
MAGNETICS «INC 


135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY 


Telephone: Pilgrim 8-2400 
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CONVENTIONAL propulsion methods account for 90% of the money and effort devoted to rocket propulsion research and development. 


Advances Made in Conventional Fuels 


By Michael Yaffee 


Over 90% of the money and effort actually going into rocket propulsion 
research and development is being spent on the improvement of conventional 
propellants and engines rather than on the development of radical, new 
powerplants. The goals of the researchers are comparatively modest. They 


are: 

© Development of storeable liquid pro- 
pellants. 

e Increased grain size in solid propel- 
lants. 

e Production of liquid propellants that 
can be substituted in present engines 
without major hardware modifications. 
e Greater thermal stability in solids. 

e Propellant combinations tailored to 
specific engines. 

e Increased density. 

e Higher specific impulse. 


Significant Advance 


Some significant advances toward 
these goals have already been made. A 
striking demonstration of this, for ex- 
ample, was the launching earlier this 
year of the first United States artificial 
satellite, Explorer I. The modified Red- 
stone missile used as the first stage of 
the carrier rocket burned a mixture of 
liquid oxygen and Hydyne in place of 
its usual mixture of lox and alcohol. 

Hydyne, developed by North Ameri- 
can Aviation, is a 60-40 mixture of 
unsymmetrical dimethylhydrazine and 
diethylene triamine, which also goes by 
the more general name of UDETA. 
Substituted for alcohol with only minor 
modifications in hardware, the new fuel 
increased thrust by about 12%. 

But as a substitute fuel, UDETA is 
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limited for the most part to propellant 
combinations containing alcohol. The 
specific impulse of the lox-UDETA sys 
tem, about 270, is not a great enough 
increase over the 266 of lox-RP-] com 
binations to consider UDETA as a re 
placement for the hydrocarbon fuels 
Even if it were, there is the important 
consideration of physical properties. For 
one fuel to replace another in an exist- 
ing missile, the substitute must have 
the same density and mix with the 
oxidizer in the same ratio as original. 

If all these conditions (and others 
such as cost and compatibility of chemi- 
cal characteristics) could be met by a 
new substitute fuel that offered higher 
specific impulse, then the military is 
definitely interested. But the chances 
of this happening are fairly remote 
Other than UDETA, the only candi- 
dates mentioned for substitution so far 
are the following fuel combinations: 
hydrazine and RP-]; unsymmetrical di- 
methyl hydrazine and JP-4; and hydra- 
zine and UDMH. 

For solid propellants, the problems 
of substitution are much less severe be- 
cause of the absence of most of the 
plumbing (i.e. fuel tanks, piping, valves, 
etc.) associated with liquid engines. By 
the same token, there would be little 
need for substitution since it would be 
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almost as simple to build a new engine 

As the production and testing of 
rocket engines increased and as the 
engines themselves grew in size, the 
military decided that it was necessary 
economically and logistically for the 
large rocket engines to burn cheap easily 
available hydrocarbon fuels 

But as the engines improved, their 
fuel needs became better defined and 
more stringent. The need now is for 
fuels tailored to fit specific engines. 

JP-4 will continue to be the major 
fuel for years to come, according to 
Ben F. Wilkes, Acronautical Research 
Administrator, Headquarters, USAI 
But JP-4 is a fairly wide-cut kerosene 
containing comparatively numerous im 
purities and in many ways inadequate 
for even the present generation of 
rocket engines. Interested in improving 
the undesirable characteristics of ]P-4, 
researchers have come up with a num- 
ber of new hydrocarbon fuels. 

Among the more significant of these 
new hydrocarbons are JP-6, JP-GH, and 
RP-1. JP is a wide petroleum cut 
with increased thermal stability and 
less severe freeze point requirements 
In an effort to define more closely the 
properties of JP-6, the researchers came 
up with a very narrow cut called JP-6H 
(H_ stands for heart cut) which has a 
more closely defined boiling range and 
performance characteristics. In RP-1, 
a relatively light cut hydrocarbon, most 
of the contaminating aromatics have 
been eliminated with a resultant in 
crease in thermal stability of the fuel 

All of these newer hydrocarbon fuels 
were developed to meet the growing 
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THOR IRBM is shown shortly after takeoff 
at Cape Canaveral, Fla. 


thermal stability demands being placed 
on these fuels as a result of their sec- 
ondary role as thrust chamber coolants. 
In addition to thermal stability, these 
petroleum based fuels, according to 
Wilkes, must have a negligible tendency 
to deposit coke during flow through 
the cooling passages. This would pro- 
duce local hotspots and result in thrust 
chamber burnouts. 

The future program in this area, 
says Gulf Research & Development 
Co.’s Robert A. Wells, calls for a more 
thorough examination of alkylated de- 
rivatives of basic polycyclic structures 
such as Decalin and Perhydrofluoran- 
thene. In addition to raising heating 
values per unit volume above those of 
JP-4 and JP-6, alkylation of the poly- 
cyclic hydrocarbons raises their heating 
value per unit weight to a level com- 
parable to that of JP-4 and JP-6 and 
lowers their freezing points and their 
viscosity. 

Wells, however, feels that the high 
density hydrocarbon fuels of these types 
together with JP-6, JP-GH and RP-1 
will make up only a very small part of 
the total military fuel requirements in 
the foreseeable future. At the same 
time, Wells, agreeing basically with 
Wilkes, sees JP-4 not only as the high- 
est volume product, but actually sur- 
passing aviation gas by 1960. 
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One of the most significant events 
in the solid propellant field has been 
the recent announcements by Olin 
Mathieson Chemical Corp. and Callery 
Chemical Co. that they have under 
development a high energy, solid borane 
rocket propellant. While these two 
programs may lead to the first major 
breakthrough in the high energy solid 
field, the propellants themselves are 
considered at least one missile genera- 
tion away. 

Another important development was 
the static firing earlier this year of two 
large solid propellant engines, one by 
Thiokol and the other by Aerojet Gen- 
eral. The Thiokol engine contained 
over 10 tons of propellants, significantly 
more than any earlier solid engine. 
Like the solid borane rocket, these 
large solid propellant engines are not 
slated for use in the present generation 
of missiles. Both programs, however, 
define important areas for continuing 
research in the solid propellant field. 

On the hardware side, work is con- 
tinuing on the improvement of thrust 
vector control and thrust termination 
in solid engines. While not a hard- 
ware problem, the long sought after 
development of large solid grains, re- 
ferred to above, is more of an engineer- 
ing puzzle than a true research problem. 
The difficulty here lies in the manu- 
facturing methods which still fall short 
of perfection when it comes to casting 
large grains. 


Solid Propellant Problem 


Another problem associated with 
solid propellants and requiring continu- 
ing development effort is their tem- 
perature sensitivity. The burning rates 
of most solid propellants increase by 
0.05 to 0.2% per degree increase in 
initial temperature. As a result, the 
performance of the engine is dependent 
on the storage temperature. Difficulty 
in controlling burning rates is reported 
to be more of a problem with the poly- 
urethrane fuels than with the older 
polysulfide elastomers. 

Another potentially rewarding area 
for investigation in solids concerns the 
oxidizers which make up as much as 
80% of the total propellant weight. 
Of late, lithium perchlorate has been 
getting a great deal of attention be- 
cause of its high percentage of available 
oxygen. But the compound is hygro- 
scopic and comparatively expensive. 
Consequently, ammonium nitrate still 
holds sway among solid oxidizers. 

Double-base propellants, whose popu- 
larity has dropped off sharply in the 
past decade, offer another means of 
improving the position of solids, accord- 
ing to Hercules Powder Co., a major 
government contractor in this field. 
To prove its point, the company re- 
cently started building its own facility 


in Utah, in which it will carry out 
research and development on double 
base propellants. 

Perhaps the most pressing current 
need in liquid propellants, according 
to top Air Force and Defense Depart- 
ment officials, is for logistic simplicity 
comparable to that of solids. This 
means monopropellants or storeable 
bipropellants. 

(The reason for the large scale re- 
search and development effort in this 
area is twofold: 1. First U.S. ballistic 
missiles, which will be the active and 
probably the only such weapons avail- 
able for the next five years, are com- 
mitted to liquids; and 2. While they 
don’t generally broadcast the fact, many 
top military people prefer liquids be- 
cause of their inherently higher energy 
potential.) 

On the whole, monopropellants have 
not proven very attractive in this coun- 
try (as compared to England). They 
possess either low specific impulse or, 
as this goes up, poor handling charac- 
teristics. For the last few years, how- 
ever, there have been monopropellant 
symposiums at which large numbers of 
propellant men discuss information 
that might lead to new, higher energy 
liquid monopropellants. 

The only development of note is the 
research work Phillips Petroleum is 
currently carrying out for the Air Force 
on storeable, high energy monopropel- 
lants. Phillips says it is making good 
progress and believes that the monopro- 
pellants it is working on could increase 
reliability with practically no sacrifice in 
the performance offered by present bi- 
propellant systems. 

The bulk of the research effort in 
this area, however, is currently concen- 
trating on storeability, which appears 
to offer a great deal more promise. 
And, as with substitution, this research 
road leads back to hydrazine and its 
derivatives. 

Actually, the difficulties here lie more 
with the oxidizers than with the fuels. 
Most fuels are storeable; some, such as 
UDMH, more so than others, such as 
hydrazine. On the other hand, lox, 
which is the major liquid oxidizer, can’t 
be stored because of its low boiling 
point. To get around this, lox gen- 
erally is generated at the launching site 
and continually topped off, necessitat- 
ing both an unwieldy complex of 
ground support equipment and a fairly 
long count-down. 

There are some liquid oxidizers— 
notably red fuming nitric acid (which 
is generally inhibited with hydrogen 
fluoride), nitrogen tetroxide, and mixed 
oxides of nitrogen—whick have been 
under study by the Jet Propulsion Lab- 
oratory and similar research centers and 
which show good storeability. 

When the military first decided to 
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Silicones 
Phenolics 
Epoxies 

' Reflective coatings 


Swedlow specializes im ppt steeds sree: matorias 


High temperature 


welded honeycomb core 


The solution to your heat problem is in the following... 


Swedliow’'s 
aluminum-metallized 
heat reflective laminates 


1650; 


MINIMUM WEIGHT « MINIMUM BULK — By combining the 
principles of highly efficient reflectivity of aluminum-metallized 
surfaces with the low thermal conductivity of glass fabric reinforced 
plastic laminates, Swedlow’'s “—101" metallized coatings offer 
protection up to 1650° F. The metallic coating protects the base 
laminate from thermal degradation. 

APPLICATIONS —In flat sheets, or molded into complex contours, 
these materials are suggested as highly efficient heat blankets for 
compartment insulation, valve protection, exhaust heat damping, 
and other applications where there is prolonged high 
temperature expasure. 


Swedlow's silicone : > 
plastic laminates Q, A 650; 


Swedlow'’s X5G-138 and X5G-176 silicone base materials are avail- 
able as flat sheeting or molded parts and offer protection up to 650° F. 
Swedlow’s X5G-138 provides maximum strength per unit of 
thickness and weight and is recommended for applications requiring 
flat sheets or simple contoured molded parts 

The X5G-176 laminate has slightly lower physical properties than 
X5G-138 but is recommended for applications requiring 

complex contours. 

APPLICATIONS — Missile nose cones, exit cones, fins, stabilizers, 
adapter rings, closure rings, and similar uses. Applications in 
airstreams at missile speeds are possible. 


’ 
HIGH STRENGTH-WEIGHT RATIO * HIGH RIGIDITY-WEIGHT RATIO * HIGH : A Swe 


s u : °o °o 
we welded honeycomb core / 2500; / 2000; ] 
SiON 


VIBRATION DAMPING * HIGH FATIGUE RESISTANCE—The use of high 
temperature honeycomb core is expanding rapidly in a wide variety of aircraft 
and missile assemblies and parts, particularly where such parts experience 

high engine temperatures, aerodynamic heating, and corrosive environments 
On your production line, use of honeycomb core assemblies reduces the number 
of parts, simplifies fabrication and assembly, reduces tooling, floor space and 
over-all costs per pound, and cuts repair and rework. Face sheets may be brazed 
to the core by the user for use at temperatures approximating 2000° F., or 


adhesives may be used if temperatures do not exeed 500° F 


APPLICATIONS — Wherever structural strength and corrosion resistance are 


required at extreme temperatures... with light weight. 


Swedliow’'s high temperature 
phenolic plastic laminates 


600; 


STABLE PHYSICAL PROPERTIES UNDER HIGH TEMPERATURES — 
Swedlow's X4G-116 is a high-temperature phenolic laminate that 
offers unusual physical stability at high temperatures up to 600°F 

It is available in flat sheets, and can be molded to complex contours 
APPLICATIONS—Fins, stabilizers, missile nose cones, adapter rings, 
closure rings, and similar applications. May be used in airstreams 

at missile speeds 


- Swediow’'s epoxy- 
450, plastic laminate 
Swedlow's X6G-141 epoxy-plastic laminate gives the user an 
electrical insulating material resistant to fracture and warpage in 
installation, with characteristics of very low moisture absorption and 
high physical strengths over a prolonged temperature gradient 
Approved under MIL-P-18177. Conforms to NEMA standards for 
type G-3 materials 

APPLICATIONS — Air conditioning and heat distribution ducts 
Winding barriers and ducting in transformers. Sheeting for circuitry 
installations. Dielectric capacitors for condensers. Terminal board 
and strip applications in electronic equipment. Coil spacers and 

relay bases in magnetic devices. Mounting plates, contact spacers and 
shielding for control devices. 





Los Angeles, California 
Youngstown, Ohi 


PLAST . MPAD Please refer to Dept. 10 





For short duration of time the temperatures given for the 
above materials may be raised appreciably. Each application 
must be considered individually 

Swediow is continuing research in high-temperature materials 
of all types reflective coatings, ceramics, plastics, metals 
A highly trained staff of engineers and technicians will be 
pleased to assist you on the use of these materials for high 
temperature service. Please contact the plant nearest you 
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ANOTHER ESSO “FIRST” 


The first approved oils for jet age airlines 


A new era in aviation is unfolding—turbo-jet airliners 
are joining our commercial airline routes. Esso is espe- 
cially proud that its Turbo Oil 15 was the first to be 
approved for use in the new Pratt & Whitney jet engines 
. and that Esso Turbo Oil 35 was the first to be ap- 
proved for the new Allison Turbo-prop engines. 


A decade ago, Esso Research anticipated the need for a 
new synthetic lubricant for aircraft turbine engines. 
Working with American and British designers and manu- 
facturers, Esso Turbo Oils 15 and 35 were developed. 
Because these synthetic lubricants were used by manu- 
facturers of jet engines in the development and testing 
of these new engines, they are thoroughly time tested 
and performance proved. 


Esso Turbo Oils 15 and 35 were the first turbo oils to be 


approved by manufacturers of the following commercial 
turbo-jet and turbo-prop engines: 


TURBO OIL 16 


Pratt & Whitney JT-3 and JT-4 Boeing 707 * DC-8 


TURBO OIL 35 
Lockheed Electra 
Vickers Viscount * Fairchild F-27 
Boeing 707 * Douglas DC-8 


Sud-Aviation * Caravelle 
DeHavilland Comet IV 


Bristol Britannia 


Allison 501 
Rolls-Royce Dart 
Rolls-Royce Conway 
Rolls-Royce Avon 


Bristol Proteus 755 


You can depend on Esso— first in quality and in service! 


TURBO OILS ~~ “"6@50# 


ESSO RESEARCH works wonders with oil 
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shift its large liquid rocket engines to 
the less expensive hydrocarbon fuels, it 
ran into difficulties with the engines 
using nitric acid as the oxidizer. It 
appears that the nitrogen-based oxidiz- 
ers such as nitric acid and nitrogen 
tetroxide perform better in association 
with nitrogen-centered fuels such as 
hydrazine. 

A number of liquid combinations 
now under development show a great 
deal of promise as storeable propellants 
for the near future. Of these, savs 
Wilkes, the three most promising ap- 
pear to be inhibited red fuming nitric 
acid with UDMH, nitrogen tetroxide 
with hydrazine, and mixed oxides of 
nitrogen with UDETA. 

When the Air Force talks storeabil- 
ity, it is talking in terms of years. As 
far as performance goes, it will settle 
for storeables with capabilities com- 
parable to those of present liquid sys- 
tems. How far away are they? Accord- 
ing to the Air Force, storeable liquid 
propellants are “about neck-an-neck in 
the state-of-the-art with the large solid 
propellant rocket engines;” and the Air 
Force considers one program as the 
back-up for the other. 


Quest for Power 


Specific impulse is important, par- 
ticularly for the long range missiles. 
Raising I,,, from 250 to 265, for exam- 
ple, could increase the range of an 
ICBM almost 50% and that of an 
IRBM 20%. 

But the principal interest in develop- 
ing higher energy propellants doesn’t 
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stem from any desire, or need, for 
greater range. Missile men are more 
interested in increasing specific impulse 
in order to reduce the amount of pro- 
pellant required by a missile and, hence, 
the size of the missile. Increased spe- 
cific impulse also means greater pay- 
load capability and increased velocity. 
In small air-to-air missiles, higher en- 
ergy propellants could mean smaller air- 
frames, less drag and increased velocity. 
For the large intercontinental ballistic 
missiles, particularly for second or third 
generation missiles, increased power 
will mean flatter trajectories and faster 
re-entry. 

At present, specific impulse runs 
from about 240 to 265 for both solids 
and liquids. Within the realization of 
current technology, the top specific im- 
pulse attainable is about 393 from a 
combination of liquid ozone and liquid 
hydrogen. Liquid ozone, however, is 
unpredictable and hard to handle; and 
the system itself is a good distance away 
from any operational capability. 

Much closer to realization is a liquid 
fluorine-hydrazine system (with the 
possibility of substituting UDMH, 
UDETA or ammonia for the hvdra- 
zine). This system will give a specific 
impulse of approximately 316. Both 
Rocketdyne and Bell have been firing 
small, experimental engines with these 
mixtures and claim that they are ready 
to scale up as soon as the military will 
give them the go-ahead and the money. 
The Air Force, while interested in the 
project, disagrees. The corrosive nature 
of fluorine and its combustion products 
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These Newest of Engineering Materials 


NOW — Conquer your most exacting 
design problems with this completely new 
class of materials! 


Feutron Felts are mechanically inter- 
locked, synthetic fiber, engineering ma- 
terials...perfected after years of research 
by American Felt Company. 

Durably fabricated from selected man- 
made fibers — Rayon, Nylon, Dacron,’ 


/ Orion,? Dynel,* Arnel,* Acrilan® — they 


provide ail the valuable operating proper- 
ties of these synthetics...high tensile 
strength; superior resistance to acids, al- 
kali, solvents and other chemicals or gases; 
dimensional stability; three -dimensional 
physical properties plus the ability to oper- 
ate at temperatures up to 400°F! 


You'll find Feutron Felts are being used 
for wet and dry filtration, as high tempera- 
ture oil seals, as reinforcements for plastics, 
as rugged gaskets, as lubrication wicks, as 
thermal and acoustical insulation and in 
hundreds of other vital applications. 


Where could you be using Feutron Felts 
to improve product performance? Get all 
the facts... write today, for Feutron Data 
Sheet, on company letterhead please. 


Remember: American Felt Company has 
the most extensive and best equipped staff of 
product engineers in the Felt industry 
ready to help you select the most efficient 
wool or synthetic fiber Felt for your application 





Du Pont polyester fiber trademark ——— 
Du Pont acrylic fiber trademark 

. Carbide & Carbon Chemicals Co. acrylic fiber 
trademark 


on Gre 


. Celanese Co triacetate fiber trademark. 
. Chemstrand Corp. acrylic fiber trademark. 
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from TOMKINS-JOHNSON 


CHEVRON TYPE 
ROD PACKIN 


offers maximum seal 


imum of friction 


SELF-ALIGNING, 
ADJUSTABLE MASTER 


SEAL OIL CUSHION 
Pat. -2804052)— 
eliminates ball check, assures 


fast bvech-ewey on return sireke oS aN EXTRA LONG 
ROD GUIDE 
BEARING— 


ding ample piston 


PISTON RING 
CONSTRUCTION 


one piece piston provides 


surface, includes 
full wide bearing support 


and maximum seol 


under high pressure 


_7~ OVERSIZE PORTS-~ 


4 Pc three types available 
including Pipe Tap, Flange 
Fitting or S.A.E. Fitting 
> . 


y 


ranges—flame 


y A -~—' FORGED STEEL HEADS 


HIGH PRESSURE 
HYDRAULIC CYLINDER 


1000 
@ 2000 P.S.I. Operating Pressure 
3000 


Truly another engineering first from Tomkins- 
Johnson, the new T-J Spacemaker High Pressure 
Hydraulic Cylinder will provide quality power per- 
formance at high operating pressures. ONLY T-J 
OFFERS YOU A HYDRAULIC CYLINDER WITH 
ALL THESE EXTRAS—STANDARD, AT NO EX- 
TRA COST. Write to The Tomkins-Johnson Com- 
pany, 617 N. Mechanic Street, Jackson, Michigan, for 
further details and Bulletin No. HSM-5-58. 


TOMKINS-JOHNSON 
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creates problems in regard to materials 
of construction for combustion cham- 
ber and pumps and in regard to lubrica- 
tion of moving parts in the pumps that 
the companies still haven’t solved to 
the satidlection of the Air Force. The 
fluorine rocket, one propellant man 
declares, is at least five vears away. 

In combination with liquid hydro- 
gen, liquid fluorine will produce a spe- 
cific impulse of 374. This brings up 
two interesting qualifications of the 
quest for high energy propellants. The 
first is that the biggest energy pay-off 
will come from research in oxidizers 
and not in fuels. Second, specific im- 
pulse by itself is a much less significant 
factor than specific impulse times 
density. 


Impulse Comparison 

Compared on this basis of specific 
impulse times density, the hydrogen- 
fluorine combination checks out at ap- 
proximately 250 gram seconds per cubic 
centimeter while the hydrazine-fluorine 
propellant measures over 400. The 
combination of bromine pentafluoride 
and ammonia checks out even higher 
on a density-impulse basis (about 440), 
but handling and other problems asso- 
ciated with the use of the bromine 
oxidizer have pretty well dimmed the 
outlook for this particular combination. 

In regard to the development of high 
energy solid propellants, Ben Wilkes 
says, attempts need to be made to 
synthesize compounds with double or 
even triple bonds and to make com- 
pounds with boron and aluminum as 
an integral part of the molecule. Com 
pounds such as these, he says, show 
(calculated) specific impulses up to 
400. 

This work, however, is still in 
the “interesting possibility” stage onl, 

Closer to realization—but still esti 
mated to be approximately five years 
away from operational capability—are 
the solid borane rocket fuels under de 
velopment at Olin Mathieson and 
Callery Chemical. At present although 
these companies expect to develop ad 
vanced oxidizers to go with the new 
solid borane fuel, they are still chained 
to conventional oxidizers such as am- 
monium perchlorate for the present 
and, as a result, are probably not able 
to attain specific impulses above 300 

Actually, most of the current research 
work on high energy solid propellants 
is concentrated on the achievement of 
smaller but more immediate energy 
gains by such means as the addition 
of powdered metals like aluminum, 
boron and magnesium to presently 
available solid propellant mixes. When 
you start talking about specific impulses 
above 300, one missile man declares, 
you're talking about space propellants; 
there is really little need for them here 
on earth. 
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How THE SULIGOW SES DIAN wespep... 


CHANGE THE TUNE OF A MACH 5 WHISTLE 


Ram a wind thirty-six hundred miles an hour down 
a wind tunnel 20 inches square. Problems in testing 
models of supersonic rockets and missiles in such a 
tunnel gave new dimensions to operational tech- 
niques. 

Developed by engineers of the Jet Propulsion 
Laboratory at California Institute of Technology, 
this advanced wind tunnel presented many unique 
problems. In order to control the air going into the 
test section, movable plates were used to vary the 
area of the opening. The plates, moving against one 
another, had to be sealed. The abrasion created by 
this movement destroyed ordinary sealing materials. 
That is, until UNION CARBIDE Silicone Rubber was 
used. Fabricated by Reeves Rubber, Inc., of San Cle- 
mente, California, in solid strips... in hollow tubing 


The term “Union Carbide” is a registered trade-mark of UCC, 
In Canada: Bakelite Company, Division of 


~ 


Union Carbide Canada Limited, Toronto 7, Ontario. 


that is pressurized for an extra tight fit . . . this sili- 
cone rubber performed exceptional service under 
almost “impossible” conditions. In fact, tests indi- 
cate that maintenance will only be required once 
every two or three years! 

Thie is another example of how the UNton Car- 
BIDE Silicones Man has helped solve an “impossible” 
problem. A booklet—“Look to Union Canrswe for 
Silicones” describes silicone rubber and many other 
silicone products. Write Dept. FA-9704 today. Sili- 
cones Division, Union Carbide Corporation, 30 East 


42nd Street, New York 17, N. Y. 


fey. N-izsiis)=— SILICONES 
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A Down-To-Earth Look At 
Today’s Missile Picture 


NOW that operational missiles are becoming a reality and production 
in quantity a fact, it has been necessary to look at the tremendous 
storage, transportation, and ground handling problems from a practical, 
dollar-conscious, down-to-earth point of view. 


Each day more assignments for the development and manufacture 
of practical, economical handling units are being brought to Fruehauf, 
long known for its expert experience and education in commercial 
transportation areas. And Fruehauf has successfully responded in filling 
the need for the design and manufacture—at lowest possible cost—of 
dependable, versatile, multi-purpose ground handling units in quantity 
—on practically a commercial level. This is the business like approach 
to the missiles picture, but it must be made, and no one is better 
equipped and staffed than Fruehauf to do so. 


Not only in relation to missiles but for many military ground-handling 
needs, Fruehauf research, engineering, and manufacturing knowledge 
is being utilized profitably by the services and other contractors. Here 
are a few of the widely varied projects with which Fruehauf has been 
associated in a development or manufacturing capacity: 


« Ground handling equipment « Vans for testing equipment 

for 17 missile types e Standardized refrigerator vans and 
e Missile launchers other mobile materials containers 
« Guidance shelters for missiles e Formal detail specification 
« Shelters for electronic and drawings in quantity 

radar equipment « Rough terrain trailers 
« Specialized tank-trailers for fuels . A total of over 400 different 
e Power haul vans types of military vehicles 


10942 Harper Avenve, Detroit 32, Mich. © 5137 South Boyle, Los Angeles 58, Calif. 
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You can put 
confidence in 
Fruehauf’s long 
experience and 
extensive facilities in 
meeting any ground 
handling p m 
concerning missiles, 
guidance shelters, 
weapons systems, or 
materials supply. 








Ames Laboratory Proposes 
Piloted Re-Entry Satellites 








National Advisory Committee for Aeronautics’ Ames Laboratory 
delta wing, piloted satellite proposal (above) would have blunt 
nose and blunt swept wing and fin leading edges to reduce aero 
dynamic heating. It would employ conventional landing tech 
niques. Hemisphere proposal (below) has heat shield of combined 
radiation and heat sink design. Beryllium oxide outer shell is 
supported from inner capsule which is heat-shielded by insulation 
Seat rotates 180 deg. vertically so pilot can adjust self to resist 
maximum 8G deceleration forces. 





MISSILE PRODUCTS DIVISION 5-00» | 
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ROCKETRY... 


THIOKOL 


REDSTONE 


DIVISION AT HUNTSVILLE, ALABAMA 


inance Missile Command, Hunts- 
ama, Thiokol’s Reastone Division 
the first successful, large, solid 
rocket engines. Breaking the 
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CHEMICAL CORPORATION 
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NUCLEAR rocket engine will bridge the gap between conventional propulsion systems and the more sophisticated systems of the future. 


Advanced Propulsion Research Speeded 


The nuclear rocket engine now under development at North American 
Aviation’s Rocketdyne Division is a significant first step into space propul- 
sion, serving to bridge the gap between present and future. Its development 
is well within current technical capabilities; and, at the same time, it will 
be the first rocket engine to produce power not based on the conventional 


chemical oxidation reaction. 


Although no details of the first nu 
clear rocket powerplant have been re- 
leased, it is generally assumed that it 
will use a heat exchanger to transfer 
the heat from uranium fissioning to a 
working fluid such as lithium hydride 
or high pressure hydrogen, which would 
then be exhausted at extremely high 
velocities out of a convergent-divergent 
nozzle. Direct exhaustion of fission 
products without going through the 
heat exchanger-working fluid step ap 
pears highly unlikely at this time be 
cause of the random nature of the par- 
ticle velocities 

Estimated specific impulses for a fis 
sion rocket range from 250 to 2,500. 
In the first operational fission rockets, 


specific impulses are not expected to 
run much higher than those attainable 


with high energy chemical fuels. The 
technological problems involved in the 
development of such a rocket are for 
midable and it is considered highly un- 
likely that the first nuclear-propelled- 
vehicle will be flying much before five 
vea¥rs. 

Visualizing how a nuclear rocket 
might look, R. W. Bussard and R. D. 
DeLauer (in their book, “Nuclear 
Rocket Propulsion,” soon to be pub- 
lished by McGraw-Hill Publishing Co.) 
see a vehicle closely akin to a conven- 
tional chemical rocket except for the 
engine section. The dead load carried 
by the vehicle, they say, may be located 
it the nose of the rocket, just forward 
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of the propellant tanks to achieve max 
imum use of the propellant for radia- 
tion shielding of the reactor and to ob- 
tain maximum geometrical separation 
of the dead load and reactor. Propel 
lant would be pumped from tank to 
reactor by turbine-driven centrifugal 
pumps as in large liquid chemical 
rockets 


High Weight Penalty 


A major drawback to the nuclear 
rocket is its high weight, according to 
Bussard and DeLauer. To have high 
specific impulse and a high thrust-to 
weight ratio, it appears necessary to re 
duce system specific weight by a factor 
of 100; and the possibilities for achies 
ing this, they believe, are slight. What 
is really needed, they say, is a concep- 
tually new, lightweight method of pro 
ducing shaft power or electrical power 
from fission. 

Carrving this idea of bypassing heavy 
heat machinery somewhat further, Ben 
Wilkes, Aeronautical Research Admin 
istrator, Headquarters, USAF, suggests 
that the nuclear energy can be used to 
generate other forms of energy such as 
ions and free radicals or to 
electricity directly for accelerating ions 
and free radicals without converting the 
nuclear energy to heat first 

More efficient conversion of 
energy to propulsion is not the only 
drawback to the rocket lo 
some scientists, a more important fac 


gencrate 


fission 


fission 


tor is the possibility that the fission 
rocket will be obsolete before it is even 
operational (AW May 19, p. 50) 

How long will we be satisfied, asks 
Ramo-W ooldridge’s Milton U. Clauser, 
with the development of a fission rocket 
that will enable us to circle Mars when 
we will need a fusion rocket to land 
on the planet and return? Dr. Clauser 
believes that the ‘not for 
long” and that the fusion rocket engine 
is definitely the powerplant of the fu 
ture 

If the basic problem of controlling 
the fusion solved, he 
adds, there seems to be no further 
fundamental obstacle that would pre 
clude its use for propulsion. In fact 
rocket propulsion might be the appro 
priate first application for the 
reaction 

The prospects of developing 
rocket power within the next 10 vears 
appear very bright to a number of sci 
entists And this time 
so close to the development period of 
the fission rocket littl 
in spending the large amounts of mone 
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reaction can be 


fusion 


fusion 


since span 1S 


thev sec point 


and time required to perfect the latte: 
Other equally eminent researchers di 
agree and declare that the problem of 
controlling the fusion reaction is 
tremely difficult and even, perhaps 
possible 

Likely 
fusion engine is cd 
reaction 
materials will sustain itself at a comp 
tivelv low Heating th 
particles to extremely high 
tures (by practical method vet 
to be developed) permits their orbital 
electrons to escape and greatly acceler 
ites the random motion of the resultant 
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Aircraft Bearings by Fafnir 


Products that reflect close collaboration 
with the aircraft industry 
nearly 30 years 


JET ENGINE BEARINGS 


dimensic 


ond special ¢onstru 


Y-PWI SERIES 
CYCLIC PITCH 
CONTROL BEARINGS 


Especially designed for swash plate 
applications in helicopters, the Y-PWI 
series consists of a motched pair of 
thin section, angular contact-type 
bearings equipped with Fafnir 
patented Plya-Seals. All exposed 
surfaces as ted are cadmium 
plated. Bearings are prepacked with 
lubricant conforming to the latest 
military specifications. 








BALANCED-DESIGN SERIES 
ROD ENDS 


This is the only series of rod end 
control bearings with three-way 
balonce design providing strength 
and capacity without excess weight 
In the series, there are three sizes of 
high capacity roller-type rod ends 
for power-operated control systems 
and two sizes of ball bearing rod 
ends with high-strength shanks for 
manually operated control systems 


BSOODD SERIES BEARINGS 


Positive protection against 

contaminants and retention of 
lubricant are the outstanding 
features of this extra thin section, 
torque tube type series. These 
advantages make possible the use of 
simply designed, space and weight 
saving housings. Shields are 
non-metallic, close-clearance type. 
All exposed surfaces as mounted are 
cadmium plated. This series is 
dimensionally interchangeable 

with the B500 series. 
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DSRP SERIES AIRFRAME 
CONTROL BEARINGS 


These bearings offer “the most 
capacity for weight and size”... 

@ series that is clean in design and 
balanced in capacity. Their features 
include a full complement of precision 
rollers, large roller-to-race contact 
ereas on both inner and outer rings 
plus exceptional protection against 
possible damage to seals in case 

of severe misalignment. 


TORQUE-TUBE TYPE BEARINGS 


The KP-BS Series was developed 
specifically for hinge applications 
and push-pull controls where saving 
in weight is essential without any 
reduction in bearing capacity. The 
self-aligning feature plus Plya-Seals 
permit simplification of application. 
The Plya-Seals are retained by 
stainless steel snap washers. All 
exposed surfaces as mounted 

are cadmium plated. 





Pet pis 


ions with the result that the fuel is 


converted into a high speed plasma. 
The accelerated ions, upon colliding, 
fuse. In the fusion, some mass is con- 
verted into energy. Because of the high 
temperatures and pressures involved 
it is necessary to contain the reaction 
within magnetic lines of force since 
there are no known materials that 
could withstand the conditions. 

Theoretically, fusion will produce 
specific impulses close to 3 million 
seconds but very low thrusts. To in- 
crease the thrust, and at the same time 
get rid of some of the reaction heat, 
Dr. Clauser suggests using a lithium 
coolant which would first circulate 
around the engine and then would mix 
with the plasma. This would raise the 
mass (and hence thrust) of the plasma, 
which would then be _ exhausted 
through a magnetic nozzle to produce 
thousands of Ib. thrust and a specific 
impulse of over 3,000 sec. 


Alternate Method 


Another way to generate plasmas is 
with an electric arc. This has already 
been done by a number of groups in- 
cluding Avco, General Electric and 
Giannini. The work to date has been 
en a small scale and designed primarily 
for the production of very high tem- 
peratures in connection with materials 
testing programs. Although such plasmas 
theoretically can be used for propulsion, 
they are presently impractical because 
of the large amounts of electricity re- 
quired. General Electric has filed for 
patents on this method of propulsion, 
one General Electric scientist says: engi- 
neers now have to figure out some way 
of getting an electrical generating sta- 
tion large enough to supply a city the 
size of Philadelphia into a space vehicle. 


AVIATION WEEK, June 16, 1958 





7. aw 


The best choice for a future space | 
propulsion system now definitely seems 
to be one based on nuclear energy— | 
ideally fusion; more practically fission. 
But there are a number of other ap- 
proaches. And, as one ARDC propellant 
man puts it, we don’t dare overlook any 
bet in this game where the outlook | 
changes almost daily, particularly when | 
research—even by the best brains in the 
business—is so comparatively inexpen- | 
sive. | 

Here is a brief rundown on some of 
the other non-chemical, high specific 
impulse propulsion systems now getting 
some attention: 
elon propulsion. This svstem is based 
upon the acceleration of ions which are 
then discharged to provide thrust. The 
ions can be obtained quite easily by 
impinging one of the alkali metals— 
lithium, sodium, potassium, rubidium 
or cesium—on an incandescent tungsten 
or platinum surface. Currently cesium 
seems to have the edge on the others 
because of its high density. 

Compared to fission and fusion, ion 
propulsion is considered an_ easier 
system to control. But again, extremely 
high electricity demand is a drawback. 
According to one estimate, 20,000 kw 
are needed to produce an clectromag- 
netic field strong enough to accelerate 
the ions fast enough to give a 1 Ib. 
thrust. The way the Air Force’s Ben 
Wilkes figures it: depending on the, 
method of conversion, | kw of electrical | 
energy requires 4 to 10 Ib. of weight | 
of nuclear powerplant. Thus an ion 
propulsion system would weigh any- 
where from 80,000 to 500,000 Ib. for 
each Ib. of thrust desired. 
© Free radical propulsion. Free radicals 
are, in one sense, simply high energy 
storage batteries. They are molecular 





frm 


ee . 
>, 


; 


No Room 
For Ordinary Tubi 


From a tiny tubing component in a “jack 
for an eye-socket” that performs an optic 
surgical miracle . . . to the capillary structure 
of a “space” explorer . . . from giant polar 
airliners to atomic electro power plants: 
TMI stainless steel tubing knows how to 
deliver the faultless performance such appli- 
wok cations require. When there 

is a real need for “better 

than ordinary’’ tubing 
...@€xperience has proven 
the importance of the 
TMI trademark of quality. 


Size does not govern the challenge of any 
job at Tube Methods Inc.! The skill required 
does! That’s why so many metalworking 
pioneers depend on TMI. . . and recom- 
mend TMI! 


@ Stainless Stee! and Special 
Alloy Tubing .050” to .625” O.D. 
with Tolerances as Close as .001” 
when Required. Larger sizes 
accepted on strict custom bas!/s. 


TUBE METHODS INC. 


MET? R * ENGINEERS «© MANUF 
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by 
Arthur A. Nichols 


Special pumps for special 
and unusual 


materials 


problems 

One of the problems faced by most 
competent manufacturers is to let 
people know just what to expect from 
their equipment. Designers find it dif- 
ficult to keep in mind more than a 
general idea of the ultimate capabili- 
ties of the many and varied types of 
components with which they construct 
sub-assemblies or systems. 


In the case of pumps, for example, our 
development and research people are 


j 
| 


} 


constantly working out ways to handle | 
the newer materials. Many times the | 
results are surprisingly good for mate- | 
rials most equipment designers would | 


not readily attempt to pump in the first 
place. 
In over thirty years experience in the 


| 


design and manufacture of special | 


pumps, we 
pumping problems where the design 
and production of a suitable pump was 
considered almost impossible, either 
because of the material to be pumped, 


or because of the precise manufacture | 


necessary to obtain satisfactory per- 
formance. 

Nichols pumps are standard for ex- 
ample, in the synthetic fibre industry 
for pumping rayon, acetate, celanese, 
nylon and other fibres spun in synthetic 
fibre plants throughout the world. 
Special pumps have been designed and 
manufactured for applications as 
varied as metering pumps in vending 
machines and conveying molten solder 
in production equipment. This long 
and varied experience in industry-wide 
pumping applications, combined with 
years of specialized development and 
production of pumps for the aircraft 
engine, super-charger, missile, heli- 
copter and electronic field is available 


have solved numerous | 





to today’s designer faced with new and | 


unusual 
problems. 


pumping applications and | 


If you have a pumping problem — | 


no matter how difficult or unusual — 


we invite you to send it along for our | 


analysis. We'll be glad to tell you 
whether we think we can be of help. 


W. H. NICHOLS CO. 


48 Woerd Ave., Waltham 54, Mass. 
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@ PROPULSION 


fragments, formed when enough energy 
is put into a molecule to rupture one 
of its bonds. Thus, they possess the 
original internal energy of the molecule 
plus the energy required to break the 
bond. 

The rupture energy is released when 
the radicals recombine into the original 
molecule. 

The problems involved in generating 
these radicals in useful quantities, cap- 
turing and storing them (under ordinary 
conditions, they recombine almost im- 
mediately) are still not completely 
worked out and, according to some 
scientists, may never be. There is a 
great deal of interest and work in this 
field going on both in Russia and in the 
United States. But except for a mona- 
tomic ramjet now under development 
(this is designed to operate on the 
free radicals provided by nature in the 
upper atmosphere [AW Apr. 7, p. 65}) 
nothing concrete has come of it. 
¢ Metastable propulsion. Somewhat 
akin to free radicals, metastables are 
electrically neutral or charged molecules 
or molecular fragments in an excited 
state (i.e., where the orbital electrons 
have moved to a higher energy level). 
In one experiment, Aerojet-General sub- 
jected hydrazoic acid (HN,) to an elec- 
trical discharge and then condensed it 
at 77K. The acid became activated. 
When heated, the activated acid gave 
up its acquired energy and returned 
to normal. 

One pioneer in this field, Dr. Fritz 
Zwicky, says it is possible to achieve 
specific impulses with metastables three 
times those currently obtainable. In 
connection with this, he also suggests 
that propellant researchers should spend 
more time considering the cold reactors 
involved in nuclear fission, as opposed 
to the hot reactors, which are the cur- 
rent focus of attention. 

Unlike the hot reactors, the cold 
reactors do not produce heat directly. 
Instead, they generate radicals and ex- 
cited states in very cold gases or liquids 
being pumped through them. As the 
fluid with the frozen radicals and meta- 
stable states comes from the cold re- 
actor, it makes a very powerful pro- 
pellant. 

The problems of producing, stabil- 
izing and using metastable compounds 
are much the same as those involved 
in using free radicals—except they are 
much bigger. 

e Solar propulsion. As proposed, this 
system comes in various sizes and 
shapes. Basically, it involves a device 
that would collect radiation from the 
sun by means of an optical system and 
convert this to thermal energy. The 
device might be a heat exchanger lo- 
cated at the focal point of a large 
mirror or “solar sail” fabricated, per- 
haps, of extremely thin aluminum foil. 


A working fluid such as hydrogen 
would be pumped through the ex 
changer, pick up heat, and then be ex 
hausted through an expansion nozzle 
to produce thrust. Thrust output would 
be low—very low on a weight basis 
Heating 1 Ib./sec. of hydrogen to 3,600 
R, according to one study, would re- 
quire 16,000 sq. ft. of projected area. 
At present solar energy doesn’t appear 
very promising for propulsion. At the 
same time, however, it has already 
definitely established its value as a 
secondary power source for operating 
electronic equipment and the like. 
¢ Photon propulsion. Basis for this 
system, as envisioned in some proposals, 
are the quanta of light or electromag- 
netic energy that would be ejected by 
some radiating source to produce thrust. 
The interest in this system stems, of 
course, from the fact that distances in- 
volved in interplanetary travel are so 
tremendous that they are measured in 
light years. So in order to do much ex- 
ploring, it will be almost necessary to 
travel at the speed of light, and the 
only thing that moves (or can be used 
to move) at this speed is light itself or 
electromagnetic radiations. 

The trouble is that the radiation 
surface and power required to eject 
the necessary amount of photons is near 
fantastic. One estimate says that a sur- 
face 100 x 370 ft. will be needed just to 
balance a one ton rocket against the 
gravitational pull of the earth. Another 
envisions a surface thousands of feet in 
diameter and operating at billions of 
watts. In a somewhat different form, it 
has been calculated that 10 million 
kilowatt hours would be required to 
produce a photon thrust of one pound 
for 74 hours—provided that 100% eff- 
cient conversion could be achieved. 
And at the present state of develop- 
ment, conversion efficiency probably 
wouldn’t run above 3%. 


The Outlook 


With the possible exception of nu- 
clear rockets, most of these advanced 
propulsion schemes appear desirable 
only for service in flight beyond the 
carth’s sensible atmosphere. It is here 
that their disadvantages of high weight 
and low thrust will be minimal and that 
their high specific impulse and low 
fuel consumption will be, in any event, 
the overriding (and vital) considerations. 

Chemical rockets will probably be 
used as boosters to get space vehicles 
off the earth. They may even be used 
as sustainer engines for comparatively 
short space flights, say, earth to moon 
and back. But for extended inter- 
planetary travel or exploration, some 
new means of propulsion will be needed. 
In all likelihood, it (or they) will be 
based on one or more of the schemes 
discussed here. 
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CUTS YOUR COST-PER-LANDING 


Firestone S/F Nylon Sky Champion takes more touchdowns, 
more retreads, for lower cost-per-landing. 


The more landings-per-day your airplanes make, the more it pays you to use the Firestone 
Sky Champion. Enormously strong, this amazing tire takes its deep-set durability from 
Firestone’s exclusive S/F (Shock-Fortified) nylon cord. Every precision ply of this high- 
tensile, low-stretch cord combines to resist the shock and speed of runway roll as no 
other tire body can. The Sky Champion gives longer tread wear, longer body life; takes 
retread after retread to reduce your tire costs to a new low per landing. 


Remember all these 6 new features: 


e Flatter profile for more landings per tread « Fewer and wider ribs for slow, even wear 
« New Firestone Rubber-X tread for longer wear «+ Skid resisters for added traction, 
less skid burn « Sized for increased clearance in wheel nacelles « Exclusive S/F (Shock- 
Fortified) nylon cord construction. 


For prices and data, write Aircraft Tire Sales Department, Firestone, Akron 17, Ohio, Firestone Sky Champion 


Firestone SKY CHAMPION sasiescror? 0 
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ALOWELEVILCL LeOWoOonrtyr 


For COMMERCIAL FVRANS PORT 


Management in all types of commercial flight must give slide-rule thought to operational 
costs. The outstanding economy record of the Alovette*, world’s first production turbine- 
powered helicopter, is less than one hour maintenance for each hour of flight . . . 
pre-flight, preventive and corrective time. > > This pattern emphasizes the Alovette’s 
operational economy compared with up to five hours maintenance for each hour of 
flight for competitive, commercially operated helicopters. By no means incidental is 
the sizable saving in the unusually low fuel costs. > >» Republic Aviation Corporation 
with more than a quarter-century of advanced concept in aircraft manufacturing, 
assembles, tests and assures in the new Alouette . . . “Tomorrow’s design . . . today!” 


*Designed by Sud Aviation of France 
@ Instant take-off . .. 
@ Simplified controls 
@ Instantaneous power response 
® Low maintenance time to flight time 
@ Top performance in extreme hot or cold weather 


CONTACT HELICOPTER DIVISION FOR LITERATURE AND DEMONSTRATION — EARLY DELIVERY. 


MERE MLME AVIAVIAONwW CORPORA —i 


PILLICOPVER MIVISIow 


FARMINGDALE, LONG ISLAND, N. Y. 











SOVIET spacemen focus sun’s rays to weld space station section in scene from popular science film. 
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Avco’'s space men: From an ICBM into the universe. Working with 18,000-mph speeds and 


with terrific heats exceeding those of the sun, Avco scientists have made a major contribution to 
space-age progress. They have developed a nose cone for the Air Force Titan ICBM designed to with- 
stand scorching friction as the Titan re-enters the earth’s atmosphere. Research such as this brings us 


closer to an age of exciting possibilities ... the age of manned space flight. 


Aveo 


AVCO MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y. 
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Soviet Lead in Space Due to Foresight 


Soviet Russia, still pacing man’s exploration of space eight months after 
the launching of Sputnik L és operating with a tremendous time advantage 
gained by foresight and careful preparation. 


Neither the total effect on the present 
nor the ultimate outcome of Russia’s 
lead will be clear until long after man 
himself has followed his automatic 
sensors into space. Both have been 
overestimated, re-assessed and under- 
estimated many times since Oct. 4. 

What is clear is the broad educa- 
tional, scientific and technical base un- 
derlying the Soviet astronautics program 
and the national priority supporting its 
carefully-organized execution. 

This program calls for approximately 
the same steps in about the same order 
as the programs proposed in the US. 
Judging by recent Russian statements, 
these developments might be expected 
in the near ae 
e An attempt to create living matter 
inside a Sputnik, using inorganic mat- 
ter and cosmic radiation. Satellite 
would contain a mixture of ammonia, 
methane, steam and carbonic acid to 
reproduce what scientists believe may 
have been the composition of the 
earth’s atmosphere at the beginning 
of life. One Communist source said this 
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experiment would be attempted in 
Sputnik Il, but Soviet announcements 
since Sputnik III’s launching have not 
confirmed this. 

e Launching of another animal satel- 
lite. A small dog named Alpha is now 
being given special training, according 
to Ada Kotovskaya, Soviet woman 
physicist. Mme. Kotovskaya was quoted 
as saying before Sputnik III went 
up that Alpha would be aboard the 
“next Sputnik.” Soviets have not said 
that Sputnik III carries any living pas- 
sengers. 

© Recovery of animal passengers. Mme. 
Kotovskaya said that new Sputniks, 
capable of bringing back their animal 
passengers, are being prepared now. 
Yu. A. Pobedonostsev, member of the 
Interdepartmental Commission on In- 
terplanetary Communications (travel), 
was quoted—again, before Sputnik III 
was launched—as saying that “experi- 
mental animals will be recovered i 
the next artificial satellites. The place 
of landing will be precalculated. The 


satellite will be observed and the pre- 
cise landing spot will be determined.” 

A possible explanation of the six- 
month lag between the launching of 
Sputniks II and III and the reports of 
trouble in launching attempts might be 
that animal-bearing satellite launches 
failed in the interim, and that Sputnik 
III finally was substituted as the next 
vehicle. A more probable explanation is 
that launching vehicles were diverted 
tor the atomic and thermonuclear war- 
head tests carried out between satellite 
iaunchings. 

Recovery, however, apparently still 
has not been solved in the Soviet Union. 
Academician Leonid Sedov, Chairman 
of the Interplanetary Commission, 
pointed out that Sputnik III “could 
easily carry a man with a stock of 
food and supplementary equipment.” 
But, he said, “such an experiment 
would have been premature. Before it 
is attempted, more knowledge must be 
gained about the conditions of man’s 
existence in cosmic space, and the basic 
problem of the return to earth must be 
solved.” 
© Launching of a Communist Chinese 
satellite. Kuo Mo-Jo, president of the 
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Chinese Academy of Sciences, said 
after Sputnik III, was launched that 
“Chinese scientists are determined to 
get China’s artificial earth satellite into 
the sky at an early date.” 

It is not possible from his statement 
to determine what is meant by an 
early date. “In order for this to ma- 
terialize,” he said, “we have to expend 
very great efforts. However, there will 
bea day when the artificial earth satel- 
lite of China will go into the sky. The 
earlier that day comes, the better.” 

While Russia will continue to ex- 
ploit every facet of advantage that its 
pioneering has given it, Russian scien- 
tists themselves have discarded most of 


the anti-western criticism that marked 
their writings on astronautics a few 
years ago. They now call for inter- 
national cooperation of scientists, and 
suggest that the science of astronautics 
might provide a bridge across the gap 
of human misunderstanding. 

Neither the elevation of the scientist 
and technician in Soviet affairs nor the 
great degree of effort devoted to the 
Soviet space program is surprising. 

Rear Adm. John T. Hayward, As- 
sistant Chief of Naval Operations for 
research and development, has pointed 
out that 60% of the members of the 
National Presidium are graduate engi- 
neers. 
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The USSR Academy of Sciences, a 
select group of 150 to 200 members 
with another 300-350 corresponding 
members, has an important if often 
indirect voice in the conduct of Soviet 
technological programs. 


Strong Foundation 


It is supported by a strong founda- 
tion of some 60 institutes, with about 
50,000 employes; a number of research 
stations, laboratories, museums and 
observatories spread throughout the 
Soviet Union and increased consider- 
ably during the International Geo- 
physical Year; and a_ broadening 
scientific base in other Iron Curtain 
Countries. Red China, for example, 
has established 1,000 meteorological sta- 
tions, 20 seismological stations and 12 
satellite-tracking + od ang most of 
them in the past few years. 

As Gen. James H. Doolittle, chair- 
man of the National Advisory Com- 
mittee for Aeronautics, pointed out in 
testimony before the Senate Prepared- 
ness Investigating Committee recently, 
Russia enjoys its lead in long-range 
missiles and astronautics because “she 
started sooner . . . she is working 
harder . . . she is sacrificing more . . . 
she has a definite, clear-cut objective. 

“Their excellent educational system 
and their appreciation of the value of 
science are largely responsible for their 
tate of technological progress,” Doo- 
little said, “and for the fact that in 
some areas they are ahead of us... . 
The real threat is their rate of progress. 
(It) is much more rapid than our 
own.” 

In all branches of space technology, 
Russian efforts seem to be moving in 
much the same directions as in the 
U.S.—but perhaps faster. Open litera- 
ture discusses all the ended prob- 
lems, including human factors. 

Eleven years ago Russia founded a 
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boshkin, K. P. Stanyukovich, V. F. Bolk- 
hovitinov, Yu. A. Florov, N. P. Bara- 
bashev, A. G. Masevich, A. V. Markov, 
D. E. Okhotsimskii, A. G, Kar-Penko. 
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Department of Astrobotany. She has 
put great emphasis on boost-glide air- 
craft, possibly powered by an atomic 
engine with liquid hydrogen fuel. This 
engine is believed to be in develop 
ment now, She has done considerable 
research on oxygen regeneration for 
use in manned satellites and subma 
rines, appears to have advanced ramjet 
technology faster than ours, and has 
extensively explored high temperature 
metals, free radicals, boron fuels and 
metal slurries. She has been develop- 
ing atomic engines for use first im 
drones and missiles, where shielding 
problems are greatly reduced, and ap 
pears to have developed an astronaviga 
tion device that determines the dis- 
tance of a space ship from the sun by 
means of temperature measurement. 

Use for detection, guidance and com- 
munication of the powerful, short-lived 
clectromagnetic impulses generated by 
explosions—a phenomenon now being 
investigated intensively in this country 
(AW May 12, p. 26) disappeared from 
the unclassified Soviet literature in 
1954, apparently to go “underground.” 

Rand Corp. economist Burton Klein 
has pointed out that Russian progress 
is due in part to a belief in parallel in- 
vestigations in research, in contrast to 
U.S. attempts to avoid duplication at 
all costs. 

“Far from decrying duplication, the 
Russians have organized it and given it 
the status of a principle in their te- 
search and development,” Klein said. 

Other observers agree, but empha- 
size that Russia carefully avoids what 
can clearly be determined to be need- 
less duplication of effort, through bet- 
ter organization of its technical talent. 
The Soviets also avoid repetition of 
western investigations whenever it is 
feasible, partly by keeping abreast of 
western developments through a vast 
translating and disseminating organiza- 
iion under the Academy's direction. 

Russia apparently used “organized 
duplication” as its approach to ballistic 
missiles. Starting largely from German 
achievements, Russia pushed ahead on 
a variety of medium and long range 
missiles, even when weight of atomic 
warheads seemed almost prohibitive. 
The powerful engines developed origi- 
nally because they seemed militarily 
necessary are paying off handsomely 
both for missiles and for space vehicles. 

Students of Soviet capability in the 
rocket and space field, such as F. J. 
Kreiger of the Rand Corp., author of 
A Casebook on Soviet Astronautics 
(RM-1760 and RM-1922), credit early 
Russian rocket enthusiasts with making 
many original and fundamental con- 
tributions to the technology. 

As far back as 1929, disciples of the 
Soviet “father of astronautics” K. E. 
l'siolkovskii, founded what Kreiger calls 
“a competent scientific organization for 
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investigating and systematically devel- 
oping new rocket devices.” It was called 
GIRD from the Russian initials for 
‘Group for the Study of Reactive Mo- 
tion.” 

Some of its founders such as Pobod- 
onestsev are still active in astronautics 
work, 

Stalin, a fan of Tsiolkovskii’s, took a 
personal interest in Soviet rocketry. In 
1934, eight years before the U.S. began 
a systematic rocket investigation pro- 
gram, the Soviets organized a govern- 
ment-sponsored rocket program. 

When World War II ended in 1945, 
Russia “liberated” not only a group of 
German rocket workers but rocket fac- 


COMPLETE LINE 


tories and test stations and “‘a vast 
amount of detailed material from Ger- 
man industrial firms and scientific and 
technological institutes,” according to 
Kreiger. 

Russia itself claims a rocket pre- 
eminence going back more than 100 
vears, and dates its own chronology 
trom the establishment of the Moscow 
Institute in 1680. 

Russian authors such as Col. N. N. 
Denisov, L. K. Bayev and I. A. Merku- 
lov charge that French, German and 
U.S. rocket scientists “have knowingly 
passed over in silence our (Russian) 
superiority in this field.” 


On the other hand, some Russian 
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scientists have freely admitted that 
Russia has borrowed heavily from the 
West. Academician Alexander N. Nes- 
meyanov, president of the USSR Acad- 
emy of Sciences, said recently that when 
the Soviet Union has been behind the 
western world in applied science in the 
past, it has had to stress engineering 
and technology, and depend on foreign 
achievements in basic science. 

Now the USSR has caught up in 
applied science, Nesmeyanov said, and 
it must develop its own basic scientific 
research more rapidly. 

Although the intercontinental mis- 
siles and the Sputnik launchers are pri 
marily examples of engineering rather 
than basic work, they are good exam- 
ples. 

And although they have been 
achieved with what western engineers 
call a brute force approach, with little 
concern for miniaturization and opti- 
mization, some observers expect to see 
an increasing amount of sophistication 
in Soviet work. 

Sputnik III already shows a trend 
in this direction. In addition to being 
a true “space laboratory,” it includes 
solar batteries, devices for storing in- 
formation and transmitting it only over 
receiving stations, and -elaborate tem- 
perature regulating and programming 
devices. 

Whether it contains reconnaissance 
devices is not known. Russia has not 
announced that it did. But Soviet scien- 
tists have never overlooked the impor- 
tance of reconnaissance as a useful func- 
tion of satellites. 

Some four years ago the Large Soviet 
Encyclopedia included in a discussion 
of astronautics the likelihood of using 
satellites for “photographing of ter- 
restial surfaces in map making,” and 
said automatically controlled rockets 
would be used for carrying photo- 
graphic, cinematographic, and television 
equipment. 


Beyond the Sputniks 
A. A. Shternfeld, a pioneer Russian 


astronautics enthusiast and laureate of 
the International Encouragement Prize 
in Astronautics, has said that if Sputnik 
III “‘were replaced by an ordinary one- 
stage rocket of the same weight, fitted 
with all the necessary scientific equip- 
ment and capable of developing a speed 
of a bare 3.5 kilometers per second, it 
ceuld make a flight to the moon, Mars 
or Venus.” 

While Russian moon and planetary 
probes probably are not far away from 
launching, they could be proceeded or 
followed closely by flight of the T-4A 
hypersonic bomber, a nuclear aircraft, 
or chimpanzee- or man-carrving Sput- 
niks, put into orbit by the 800,000 to 
1,000,000 Ib. thrust engine reported 
to have been in development in Russia 
for some time now. 
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Europe’s Space Research Is on Paper 


By David A. Anderton 
Geneva—European research aimed at space travel is conspicuous by 


its absence. 


There are now no clearly identifiable solid contributions being made to 
space technology other than paper studies and some cosmic thinking on the 


part of Europe’s scientific community. 

his is not to under-rate the value of 
such conceptual exercises, but rather 
to underline the lack of facilities and 
funds for carrying them through. For 
in the final analysis, there is a single 
reason underlying the lack of tangible 
space-flight programs here: Money. 

he number of hypersonic shock 
tubes, for example, can be counted on 
the fingers of one hand. There are two 
small rocket programs. with verv limited 
numbers of rounds, contributing to the 
[nternational Geophvsical Year pro 
gram. There is a single re-entry test 
vehicle. There is a single ballistic-mis 
sile program, with its future promise of 
possible space-study vehicles, just get- 
ting under way. 


Lack of Money 


lhe reasons for this are plain. In all 
of Europe, only Britain, France and 
Germany are in a financial position to 
make any sort of major contribution to 
weapons programs. Space flight here, 
as in the United States, is inextricably 
wound up together with long-range mis- 
sile programs. 

But Britain is abandoning supersonic 
aircraft before having fully understood 
them, and is hopefully pinning its posi 
tion on missiles which haven’t been 
designed yet but which are expected— 
as always with any new British weapon 
-to be far ahead bv the time they reacli 
service. 

France, on the edge of bankruptcy 
because of its extensive commitments 
in Algeria, has cancelled one aircraft 
program after the other and is now 
down to stretched-out production of 
two or three and weak financing of one 
or two prototypes. Its missile effort is 
essentially nil. 


German Missiles 

Germany, recently regaining some 
measure of authority over its own re- 
armament by being allowed to develop 
small missiles again, is still too far from 
realization of any sophisticated weapons 
to make specific contributions. 

So none of these three is able to 
divert any effort to space flight. Instead, 
informal study groups, various institutes 
connected with universities, and indi- 
viduals have been working in their 
spare time, trying to keep alive the 
traditions of space flight. 

For Europe does have these tradi- 
tions; paradoxically, it was the cradle 
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of space flight, born a breezy morning 
in October 1942, when the first suc- 
cessful German V-2 rocket roared into 
the sky over Peenemiinde. And along 
before the young and enthusiastic engi- 
neering teams under the equally voung 
and enthusiastic Wernher von Braun 
had seen their ideas grow to realities, 
European scientists, engineers and tech- 
nicians were dreaming the dreams and 
publishing the monographs that were 
to inspire later generations of doers. 

But as with much of modern tech 
nology, it took the impetus of war with 
the amassing of test data on the V-2 to 
give shape to the theories of Oberth, 
l'siolkovskii and von Pirquet. 

Che first postwar vears produced a 
new series of space-flight reports, but 
these were different. Thev had solid 
numbers, based on German experience 
with the V-2 and other missiles, and 
thev all reached essentially the same 
single conclusion: Space flight was now 
theoretically practicable. 

The only catch was that facilities 
were needed to translate theory into 
practice. All the rocket motor data in 
the world did absolutely no good unless 
applied to a specific project with the 
end point of producing a running 
powerplant. And this was where Eu- 
rope never had a chance. The scale of 
postwar rocket development was at a 
level far below the vallevs in Peene- 
miinde’s 12 vears of cvclic life. 


Paper Studies 


While the frustrated space-flight 
enthusiasts in Europe watched, U.S 
engineers plunged headlong into an 
enormous guided-missile program, in- 
volving millions of dollars worth of 
facilities that would serve to aid the 
development of the tools of war or the 
exploration of space. Knowing that their 
contributions could not match develop 
ments in the U.S., Europeans turned 
back to the paper studies and sketched 
and calculated paths to the stars. 

Perhaps the most notable European 
contribution — to contemporary space 
flight was a paper on “Minimum Satel- 
lite Vehicles,” presented by K. W. Gat- 
land, A. M. Kunesch and A. E. Dixon 
of the British Interplanetary Society at 
the Second International Congress of 
Astronautics in London in 1951. The 
authors believed that nobody had taken 
a careful look at the problems of launch- 
ing the minimum useful satellite; most 


previous authors seemed to be worry 
ing about major payloads of extensive 
instrumentation or a complete environ 
mental cabin with a man inside. 

The British engineers allowed 10 
pounds for the final satellite, which was 
to be an inflated foil sphere, blown up 
by a small gas capsule after separation 
in orbit, and acting as a radar reflector 
A radio beacon and perhaps a singl 
instrument could be included in the 
pavload. 


Other Technical Features 


There were other technical features 
of the British proposal that in retrospect 
were advanced for their dav, and which 
have since been incorporated in both 
satellite and weapon rockets: 

e Lightweight integral propellant tanks 
made of thin-walled structure and in- 
ternally pressurized to carry the load 
his technique is now used in the Atlas 
and Thor missiles. 

e Elimination of the fins usually in- 
corporated to give static and dynamic 
aerodynamic _ stability This was a 
characteristic of the Vanguard proposals 
and test rounds; it had also been sug 
gested by other engineers in missile 
programs. 

e Gimballed motors and small gas jets 
for control after burnout. These ar 


also features of today’s weapons and 
satellite rockets 
But aside from this feasibility study 


and others like it, there has been little 
else contributed to space flight tech 
nology by British engineers and scien- 
tists. 

The Skylark, a solid-propellant rocket 
developed as part of Britain’s many 
contributions to the IGY, represents a 
project now capable of adding to the 
fund of knowledge about the upper 
atmosphere and the fringes of space. 
Skvlarks fired from the long-range mis- 
sile test ground at Woomera, Australia, 
have reached altitudes approximating 
100 mi., well into space environments, 
and have recorded and transmitted im 
portant data. But with this program, as 
with other projects in the over-all tasks 
of the IGY, it must be realized that 
the primary purpose is to learn mor 
about the earth and not about space 
flight 

Thus the contribution of Skvlark to 
the sum total of man’s knowledge about 
space must be considered as a secondary 
objective of its major job 

But recently a strong call for a British 
satellite program has come from Prof 
A. C. B. Lovell, director of the Jodrell 
Bank radio astronomy station respon 
sible for much of the precise tracking 
information gained on the Russian 
Sputniks, Lovell said: “I feel that we 
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are likely to be in an extremely un- 
dignified position in 10 to 20 years if 
we have no place in this satellite or 
space flight program . . . Are we going 
to have to buy space from America or 
Russia in the future, and thus be classed 
as an under-developed country?” 


Small Development Cost 


Lovell also pointed out that the 
rockets developed as weapons could be 
adapted for satellite work, and esti- 
mated the cost of such adapted rounds 
as only a few million pounds. Presum- 
ably Lovell was referring to the British 
IRBM program, now starting under de 
Havilland Propellers as prime contrac- 
tor. 

Not all of Lovell’s professional col- 
leagues seem to share his views. Bri- 
tain’s Astronomer Royal, Prof. Wool- 
ley, has gone out of his way on several 
occasions to declare the Russian satel- 
lites a hoax and to express sarcastic 
comments about the scientific value of 
such devices, even if they weren't 
hoaxes. But since the third Russian 
satellite, following on the heels of three 
successful American shoots, Prof. Wool- 
ley hasn’t been heard from. 

Now in Britain a group within the 
British Interplanetary Society, readying 
to celebrate its 25th anniversary as an 
organization devoted first and foremost 
to space flight, is working to excite 
some interest in a British space flight 
program. “What we hope to do,” one 
of the group told Aviation WEEK, “is 
to get people interested and thinking 
about the problems. That’s going to 
be the hardest job. 


Specific Contribution 


“We also are studying the entire 
field, looking for some area which has 
been ignored and where we can make 
a specific contribution. It will probabl; 
be a paper study again, because we 
don’t have facilities or funds. But we 
hope to be able to make a contribution 
—we have some good people with good 
ideas, you know.” 

No facilities, no funds, but good 
people with good ideas: This is the 
status of Europe’s position in space 
technology today. a 








Picture Credits 


79, 81, 82, 97—-NACA; 83, 85, 93, 94, 
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187, 189, 199—-USAF; 137 (top), 175 
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ARPA May Direct Man-in-Space Project 


Los Angeles—Advanced Research 
Projects Agency may take over USAF’s 
Man - in - Space -Soonest project, Rear 
Adm. John Clark, deputy director of 
ARPA, told a news conference here 
during a semiannual meeting of the 
American Rocket Society. 

Clark also said it is possible to put a 
man in space in two to three years. 

However, Clark went on to say that 
as of this moment there does not exist 
a definite man in space program per se, 
but much of the work presently being 
done such as early development work 
on a million pound thrust rocket 
engine, development of communica- 
tions and power supply systems, are 
defin‘tely parts of the man in space 
effort although not specifically oriented 
that way. 

His man in space effort visualized 
an orbit at 125-140 mi. in spherical, 
once or twice around, orbital vehicle, 
Clark indicated. 

Clark also said it is quite possible 
that early test vehicles for the WS-117L 
Pied Piper reconnaissance satellite 
(AW Oct. 14, p. 26) may be fired as 
early as October of this year. 

Concerning military-civilian space 
programs, Clark said that ARPA cur- 
rently is developing a long term pro- 
gram, and that representatives of 
NACA, which will be the nucleus of a 
future civilian space agency, will work 
with ARPA in outlining these programs 


and added that ARPA definitely is not 
about to start any programs which 
NASA would not want to continue. 

ARPA has submitted to guided 
missile czar William M. Holaday the 
number of missile boosters it would re- 
quire for scientific space research pro- 
grams, and the “number is staggering,” 
Clark stated. He added that here 
production of both Jupiter and Thor 
may have some benefit in making the 
required number of boosters in IRBM 
thrust class available sooner since there 
is dual source production. 

Questioned regarding the relative 
technical merits of U. S. and Russia, 
Clark indicated that one of the biggest 
problems which has plagued military 
people and others is selecting the 
proper programs in various areas to 
support. There is so much talent in 
this nation devoted to these problems, 
and so many different — which 
furnish different approaches to the 
solution of many problems, that a 
proper choice of what to support and 
what appears most promising in terms 
of time and money is difficult to make 
at present. 

There is some truth to the statement 
that there has been too much conserva- 
tism in high presidential advisory circles, 
Clark said, but added that other factors 
have had equal influence on the cur- 
rent progress of the United States’ 
space program, including the factor of 





The decisions, he said, ‘ 


will be made by ARPA.” 


received. 





Gen. Anderson Reprimanded 


Washington—Lt. Gen. Samuel E. Anderson, head of the Air Research and Devel- 
opment Command, was publicly reprimanded by Air Force Secretary James H. 
Douglas last week for reporting that Air Force hoped to launch its three lunar 
probes in August, September and October respectively. 

Anderson’s remarks at a Milwaukee press conference immediately drew fire from 
Roy W. Johnson, director of the Defense Department’s Advanced Research Projects 
Agency, who declared that no final decision had been made as to firing schedules 
and that any and all announcements concerning lunar probes would come from 
ARPA rather than the individual services. 

Johnson’s denunciation was followed a day later by a formal statement from 
Secretary Douglas. Douglas, acting on Defense Department orders, said Gen. Ander- 
son “had no authority whatsoever to discuss dates when such launchings may be 
attempted and, as no final decision has been made by ARPA, the so-called planning 
dates quoted by Gen. Anderson should be wholly disregarded.” 

Johnson, obviously angered by what he considered an infringement on ARPA 
prerogative, emphasized that “ARPA will decide when these shots will be attempted.” 
‘will be predicated on the development of the instruments, 
the hardware and, more importantly, the tracking equipment. 


As reported by Aviation Week (June 2, p. 15), first of the three Air Force lunar 
probes, originally scheduled to be fired on Aug. 16, probably will be delayed. A 
primary reason for the delay is that the receiving equipment will not be installed by 
that time, and personnel associated with the project do not expect the first launch 
to be made until near the end of the year unless authority for an all-out effort is 


Payload will be approximately 30 Ib., and some instrumentation will be carried in 
addition to the necessary telemetering equipment. 


The announcement 








multiple proposals and approaches. 

Asked why there has not been earlier 
and more comprehensive basic research 
sponsored by the military some years 
ago which would have put this nation 
on a par with the Soviets in satellite 
progress and other fields, Adm. Clark 
said that at the time these efforts should 
have been supported, there were no 
definitely outlined military require- 
ments, and since there existed no re- 
quirements, there was no funding sup- 
port. He added that when a definite 
application became required, it was no 
longer basic research, but applied effort 
directed toward a specific goal. 

The U. S. can catch up with the 
Soviets within two years, Adm. Clark 
said, adding that one of the biggest 
steps in closing the U. S.-USSR gap 
was a changed state of mind regarding 
the status of the two nations after 
Sputnik was launched. 


Retiring USAF Colonel 
Hits President’s Aids 


Los Angeles—Air Force Col. William 
O. Davis, whose resignation from serv- 
ice becomes effective this month, 
blasted scientific advisers to the Presi- 
dent here last week as being responsible 
for the lag in the U. S. space effort. 
Simultaneously, he announced that he 
is becoming an official in Turbo Dy- 
namics Corp., of Minden, Nev., where 
he said he will direct research into the 
“whole integrated field” of space tech- 
nology. Davis, assistant to the director 
of laboratories, Wright Air Develop- 
ment Center, was earlier deputy com- 
mander for operations, USAF Office of 
Scientific Research. 

Davis, sharply critical of U. S. prog 
ress toward space, blamed conservatism 
of certain groups dominated by officials 
of “influential universities” for the lack 
of speed in overcoming the Soviet lead. 

Davis’ criticism was underscored by 
his declaration of how he intends to 
operate Turbo Dynamics’ research effort 
as differentiated from the present gen- 
eral system in VU. S. 

As research director for Turbo Dy- 
namics, Davis said he will want five 
laboratories working in human factors 
and space medicine—materials, includ- 
ing solid state physics and electroradia- 
tion characteristics of various metals; 
electronics; electromagnetics; propul 
sion, again featuring electromagnetic 
work rather than conventional chemical 
or upcoming nuclear systems; systems. 
which essentially is an information ex- 
change in which cross fertilization of 
the four other fields is accomplished. 

The research effort, he said, would 
involve 75 to 100 persons and be sup- 
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ported by required laboratory facilities 
but would specialize in thinking rather 
than doing, in evolution of new con- 
cepts and approaches. Davis said en- 
gineering to assure feasibility would be 
accomplished if indicated, required 
and/or funded. 

He also declared that currently there 
is no one who has Specialized in the 
whole of space technology, nor, he 
added, is there anyone in the U. S. now 
charged specifically with producing new 
concepts or new approaches in space 
technology. 

President of Turbo Dynamics, or- 
ganized last year, is James Hoffman. 
Company is headquartered in Minden 
at Douglas-Tahoe Airport, around 
which company hopes to build an in 
dustrial park. Hoffman indicated that 
the company already has income from 
other sources such as oil and metals 
supply businesses and has also sold stock 
to raise approximately $1 million. Firm 
will use its income from “mundane” 
sources to support its research and de- 
velopment efforts, according to Davis 
and Hoffman. First year’s expenditures 
are set at approximately $1 million, 
with approximately one half to be com- 
pany funds from its other sources of 
income, plus its capital. 


=) > 
Senate Group Details 
e 

Space Agency Proposal 

Washington—Creation of a seven- 
man policy making board to establish 
and supervise the National Space Pro- 
gram was recommended last week in a 
bill approved by the Special Senate 
Committee on Space and Astronautics. 

The bill, approved by a unanimous 
vote of the committee, also calls for a 
National Aeronautics and Space Agency 
to be headed by a director and a deputy 
director to assume responsibility and 
direction of all non-military space activi- 
ties. 

The House earlier passed legislation 
by a unanimous vote that would create 
a similar agency but one headed by a 
powerful administrator with complete 
control over civilian space projects. It 
also provided for a 17-man board to act 
in an advisory capacity to the admin- 
istrator. 

Sen. Lyndon Johnson (D.-Tex.), com- 
mittee chairman, said the over-all space 
program is too important to place all 
authority with a single head. 

The bill calls for the board to be es- 
tablished in the executive office of the 
President. Its members would consist 
of the secretaries of Defense, and State, 
the chairman of the Atomic Energy 
Commission, the Space Agency Director 
and the heads of three other interested 
government agencies. 

Other major differences between the 
Senate and House versions include: 


AVIATION WEEK, June 16, 1958 


































X-15 Rocket Engine Test Stand 
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Looking somewhat like a primitive steam engine, the unit above is in reality Reaction 
Motors’ recently completed static 100,000-Ib. thrust test stand for the rocket engine of the 
X-15 research aircraft. The tall cylindrical object that appears to be a smokestack rising out 
of the roof of the small building is actually a 150,000-gal. water tank located across the 
street. The sloping cylinder, at left, is one of two propellant tanks which are an integral 
part of the stand. The engines are mounted on dollies and readied for tests in another 
building and are then rolled into the test stand and locked in position. The dollies are 
designed to hold the engines in various positions besides horizontal for test runs. 


e Senate bill calls for a Joint Congres 
sional Committee on Aeronautics and 
Space. The House bill originally con- 
tained a similar provision but was de 
leted on a motion by Rep. John Mc 
Cormack (D.-Mass.) House Space Com 
mittee chairman. 

e House bill establishes Military and 
AEC Liaison Committee and Military 
and AEC Applications Divisions while 
the Senate version leaves such commit- 
tees and divisions to the discretion of 
the Agency Director. 


Senate Approves 


Record CAA Budget 


Washington—Senate last week ap- 
proved a record Fiscal 1959 budget for 
Civil Aeronautics Administration. The 
total was $438 million, $91 million over 
CAA’s Fiscal 1958 allocation. 

Concurrently, the President  re- 
quested $66.2 million in additional 





funds for the following projects 
© New airport for the District of Co 
lumbia, $53.5 million. With the $12.5 
million appropriated for Fiscal 1955, 
land acquisition is under way and a 
contract for detailed engineering plans 
and specifications has been negotiated 
e Operation and regulation, $12.7 mil 
lion. This is for recruitment and train 
ing of traffic controllers, maintenance 
technicians and other personnel to as 
sure that newly installed air trafhx 
control and navigation facilities will b« 
placed in service as soon as possible 
Senate also approved these Fiscal 
1959 appropriations 
e Civil Aeronautics Board, $6.1 million 
This is $610,600 more than CAB's 
Fiscal 1958 allocation 
e Airlines subsidies, $40.7 million 
$3.5 million more than for Fiscal 1958 
© Airways Modernization Board, $34.3 
million. This is the amount requested 
and $4.3 million more than approved 
by the House. 
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Nuclear Rocket Faces Problems 


Los Angeles—Advantages of the 
nuclear rocket are overestimated by 
many people in the industry and de 
velopment difficulties are underesti- 
mated, a luncheon of the semiannual 
meeting of the American Rocket So- 
cietv was told here by Norris E. Brad 
burv, director of Los Alamos Scientific 
Laboratory. He said the nuclear rocket 
project is expensive but predicted it 
will vield a successful propulsion sys: 
tem and superior reactors. 

Bradbury said many otherwise well 
informed people have been led to be- 


lieve that the nuclear rocket’s advan- 
tage over conventional rockets in spe- 
cific impulse would be nearly as great 
as the advantage of nuclear explosives 
over conventional ones. This would 
give specific impulses on the order of 
30 or 35 million. Actually, he said, im- 
provement over conventional propel- 
lants would be by a factor of from two 
to four, giving specific impulses of 1,000 
to 1,500 Ib./lb./sec. at best. 

Potential improvement by a factor of 
about 130,000 would require the direct 
use of the energy released by fission 





For the Convair Atlas Program... 


designed and manufactured the 


Thrust and Weight 
Measuring System 


This 6-component system provides accuracies to one-tenth of one percent in the 
measurement of thrust, weight, pitch, yaw, roll, and side load. Also available from 
SPACE: Thrust Measuring Systems for USAF jet engines of all types. 


research development design fabrication installation field service 


SPACE—a skilled team of scientists, engineers, technicians and management, 
planning and producing such advanced missile and aircraft ground support 


equipment as 


x Permanent, semi-portable 
and mobile test cells 


K Aircraft cabin leakage testers 


—K Altitude simulation chambers 


a Missile liquid level propellant detection systems 


Write for new brochure summarizing SPACE concepts, organization, personnel, 
facilities, and finished products. Detailed inquiries are also invited: Your questions 
receive immediate and confidential attention. 





ENGINEERS 
if you enjoy working at 
the edge of the future, 
write SPACE: Vice Pres- 
ident of Industrial Rela- 
tions, P. 0. Box 5 
Dallas 22, Texas. 
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—K Missile exercisers 
and flight simulators 


—K Missile erector actuators 


x Air Start Carts 








and no means of doing this is in sight 
Direct use might be possible if there 
were a gaseous fissionable fuel which 
could offer both energy and propellant 
mass. Since fission is a random process, 
control of the reaction might be im- 
possible in a high velocity stream of 
fuel. Bradbury reportea that with the 
brief time constants mecessary in a 
rocket, control is difficult even using 
current solid fuel reactors. 

Bradbury said a flightless nuclear 
rocket called “Kiwi A” will be fired at 
Los Alamos in the latter part of this 
vear. A later static test nuclear rocket 
called “Dumbo” now is being designed. 
Bradbury’s group will pass propellant 
gas through the reactor of Kiwi A at 
increasing temperatures and will study 
the operation of the rocket with slow 
reactor warm-up, low thrust and long 
duration. Bradbury concedes that these 
conditions are unrealistic from the 
standpoint of operational rockets but 
says they are necessary in this early 
stage of development to analyze start- 
ing problems and problems of reactor 
and thrust chamber design. 

Rocket requirement for quick start, 
high thrust and relatively brief dura- 
tion are major roadblocks in develop- 
ment program. Necessity of getting 
reactor up to power with minimum ex- 
penditure of propellant gas, before lift- 
off and dependence on some sort of 
heat exchanger to impart energy to the 
propellant stream means that the re- 
actor and exchanger will be subjected 
to very great thermal shocks. 

High thrust and brief duration will 
produce inefficient use of fissionable 
fuel with much left unused at burnout. 
Bradbury called reactor control for a 
nuclear rocket a “virtually insoluable 
problem” because of quick response to 
variations in power level needed to 
maintain programmed thrust. He 
pointed out that in current nuclear 
power systems, there are 5 or 10 min. 
in which to make slow, careful adjust- 
ment of control rod positions whereas 
in rockets, there will be seconds or less. 

Bradbury said the picture is not as 
dark as these obstacles make it seem. 
He said that a relatively modest im- 
provement in specific impulse can make 
a very significant improvement in pay 
load or range. The nuclear rocket is 
free to use propellants without regard 
to combustion problems and could 
seek the lowest molecular weight to get 
the best specific impulse. This and the 
weight of the big reactor dictate that 
nuclear propulsion will be useful only 
in very large, high performance rockets. 
High cost due to large investment in 
fissionable material for use in an in 
efficient reactor aad high development 
costs created by difficulty of handling 
radioactive materials during develop- 
ment work have the same effect. 
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Kunzig Reprimanded 
By CAB Members 


Washington—Statements in a tele- 
phone call from Robert L. Kunzig, ex- 
ecutive assistant to the chairman of the 
Civil Aeronautics Board, to Robert M 
Ruddick, vice president of United Air 
Lines, resulted in a denunciation of 
Kunzig’s action last week by Board 
members and a request for his immedi- 
ate resignation by member Louis J 
Hector. 

In a 750 word telegram to the Board, 
United President W. A. Patterson said 
Ruddick complained that Kunzig told 
him CAB members were highly dis- 
turbed over the United president's testi- 
mony before the Senate Aviation Sub- 
committee and that “retaliation’’ could 
be expected. Questioned by Ruddick 
about the word, Kunzig said he meant 
“repercussions.” 

Kunzig also told Ruddick, according 
to the telegram, he had received several 
telephone calls from members of the 
Senate committee objecting to Patter- 
son’s testimony, but he did not identify 
the callers when he was questioned by 
Ruddick. 

Patterson observed in the telegram 
that “honest men should not be sub- 
jected to retaliation for an expression 
of honest opinions.” He informed the 
Board members that he thought it was 
his duty to the company and its stock- 
holders to assure them that there would 
be no retaliation 

Patterson earlier told a Senate Avia- 
tion Subcommittee that CAB findings 
in the 1957 collision of a Trans World 
Airlines 1049G Constellation and a 
United Air Lines DC-7 over Grand 
Canyon were “an insult to our intelli- 
gence” and “one my _ grandchildren 
could have written.” 

Patterson's telegram was answered 
by Board Chairman James Durfee who 
said the call was made without the 
knowledge or authority of any members 
of the Board and did not reflect its 
views. Durfee added: 

“Never to my knowledge has the 
Board ever given any intimation of re- 
taliation or repercussions over anything 
that vou or anyone else has said about 
the Board, whether critical of us or not 
Nor has the Board ever been activated 
by anv such consideration in its de- 
liberations or decisions.” 

Member Harmar D. Denny in a 
separate reply assured Patterson that 
Kunzig’s call unauthorized and 
that his “unpardonable remarks’ were 
considered “inexcusable.” 

Hector said he regarded the Kunzig 
call as an attempt by a government 
official to “browbeat” a private citizen. 

Hector added that he repudiated the 
action in its entirety. 

‘To my mind there is only one way 


was 
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to repudiate an action of such serious 
import,”” Hector said. 

However, Durfee said that he will 
oppose the Hector motion to replace 
Kunzig. 

On the basis of his personal study 
of the evidence at hand, Durfee said 
that there appears to be a “consider- 
able misunderstanding.” He added 
that, in the more than two years that 
Kunzig has served as his assistant, he 
had never found any occasion in which 
Kunzig’s actions were not “honestl, 
motivated with both the best interests 
of the Board and the public interest 
in mind.” 
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Senate Restores Cuts 
In Agency Budgets 


Washington—Cuts made by the 
House in National Science Foundatiov 
Fiscal 1959 budget requests and all but 
$380,000 requested by the National 
Advisory Committee for Aeronautics 
were restored by the Senate last week 

Conference committees have been ap 
pointed in both Houses to iron out 
differences in the appropriations 

The Senate voted to restore $5,220, 
000 cut bv the House from NACA’s 


budget, bringing the Fiscal 1959 total 
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to $106,320,000—$9,600,000 below the 
liscal 1958 appropriations. 

A total of $140 million was asked 
by the National Science Foundation, an 
increase of $90,250,000 over Fiscal 
1958 appropriations. The House cut 
$25 million, all of which was restored 
by the Senate 

In addition, a supplemental appro- 
priation of $7,350,000 has been re- 
quested, of which $4.4 million is for 
salaries and expenses, $2,950,000 for 
International Geophysical Year projects. 

This is how the House and Senate 
NACA budget versions differ: 

e Salaries and expenses—Amount re- 
quested was $80,480,000. House re- 


THE OUTER CASE 
FOR OUTER SPACE 
ON 


EXPLORER !... 


. was sealed with a 
Miller combination ac/dc welder 
for tungsten inert gas and 
metallic arc welding — an aircraft 
industry standby. 


duced this by $2,380,000; the Senate 
restored $2 million. 
¢ Construction and equipment—The 
amount requested was $26,220,000. 
House cut $3,220,000, all of which was 
restored by the Senate 

The 1959 budget request of NACA 
does not take into consideration huge 
increases in expenditures necessary for 
space activities if the agency becomes 
the nucleus of the new National Aero- 
nautics and Space Administration, a 
matter now pending before Congress. 

Funds for space exploration are con- 
tained in the Defense Department 
budget which would be transferred to 
the space agency after its approval. 


a 
nilltiae ELECTRIC MANUFACTURING COMPANY, INC 
WISCONSIN 
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ATA Advises Against 
Fluorescent Paint Plan 


Washington—Civil Aeronautics Ad 
ministration program to mark its fleet 
of aircraft with daylight fluorescent 
paint for anticollision purposes has 
failed to draw the support of the sched 
uled airlines. 

CAA’s decision to paint its 92 air 
craft with the “light reflecting’ paint 
was the result of a “successful” experi 
ment with a DC-3 which demonstrated 
that the aircraft was more easily seen 
under most light conditions when 
marked with the paint. 

Air Transport Assn., however, has rec 
ommended against immediate adoption 
of the paint by the scheduled airlines 
on the grounds that the CAA findings 
are inconclusive regarding the effective 
ness and the durability of this type 
paint. 

At least four airlines and one heli- 
copter operator are conducting evalua 
tion tests with special high-conspicuity 
paint 

Approximately 15% to 20% of each 
CAA airplane is to be covered with the 
“blaze” orange fluorescent paint manu 
factured by Switzer Brothers under the 
trade name of “Day-Glo.” 

Application of the paint and the 
marking designs used by the CAA have 
been approved by the Air Coordinating 
Committee. 

ATA has taken the stand that the 
CAA project still is in the experimental 
stage. The group admits that there are 
some indications that an aircraft painted 
with the fluorescent paint would be 
more visible under some conditions of 
flight but points out that CAA has 
found that, at greater distances, colors 
lose their identity and aluminum fuse 
lages are more easily spotted. 

Present plan of the ATA is to make 
recommendations only after airlines 
using the paint report their findings 
and further data is provided by the CAA 
and militarv services. 


Canadians Purchase 
Runway Arrester 


Emergency overrun safety arrester 
system, developed by All American En 
gineering Co., has been ordered by the 
Royal Canadian Air Force for installa 
tion at seven airports throughout Can- 
ada. 

Contract for 13 barrier systems came 
after testing of the device at Up 
lands Airbase, Ottawa, Ontario, by the 
Air Worthiness Section of RCAF’s 
Central Experimental and Proving Es- 
tablishment. 

Test aircraft, which included the 34, 
000 Ib. CF-100, successfully engaged 
the barrier at speeds of 150 mph. Safety 
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arrester is said to be capable of stop- 
ping aircraft traveling at 160 kt. 

Installation of two systems will be 
completed by late summer at Bagotville, 
Quebec; Cold Lake, Alberta; Comox, 
British Columbia; Chatham, New 
Brunswick; North Bay, Ontario; and 
Uplands, Ontario. 

Overrun safety barrier system adopted 
combines the MA-1A barrier and Model 
340 “water squeezer” arresting engine 
developed by All American. 


Swiss Military Head 
Attacks P. 16 Design 


Geneva—Swiss Military Minister 
Paul Chaudet has charged that Flug & 
Fahrzeugwerke, Altenrhein (FFA) did 
not follow carefully design requirements 
fur the P. 16 ground-attack airplane. 

An order for 100 production P. 16s 
was cancelled in a decision taken early 
this month by the seven-man Federal 
Council, less than three months after 
the order was placed by majority vote 
in the Swiss parliament (AW March 
24, p. 65). Third prototype P.16 
crashed recently in the Lake of Con 
stance, and the accident investigating 
team has placed the primary blame on 
the plane’s hydraulic power-control sys- 
tem (AW June 9, p. 25). 

An FFA spokesman told Aviation 
Week the company was prepared to 
answer each charge raised by the minis 
ter, but thought it proper to wait until 
the final report was presented at the 
end of the month. 

Chaudet indicated that certain struc- 
tural requirements, based on British cri 
teria which the Swiss have accepted as 
guiding principles for aircraft design, 
were not met by the company. 

Further, he charged the company 
had not notified military technicians of 
important changes in the design as re 
quired by contract. 

Meantime, American and other sales 
teams have begun again to besiege Bern, 
the Swiss capital and headquarters of 
the military and technical groups con- 
cerned with procurement. It appears 
that the question of what the Swiss will 
buy is again an open one, with rumors 
last week favoring the purchase of per- 
haps another 50 Hawker Hunters. ‘This 
may be one way for the Swiss to regain 
the money already paid Armstrong-Sid- 
deley Motors Ltd. for license produc- 
tion of the P.16’s Sapphire turbojet 
engine. Hawker is another member of 
the Hawker-Siddeley Group, and only a 
paper transaction would be needed to 
keep the money inside the group. 

Most Swiss opinion still favors li- 
cense production of an airplane in the 
country, and the military pilots still 
have high interest in several non-Swiss 
types including the Grumman F11F-1F 
Super Tiger, and the Saab Draken. 


AVIATION WEEK, June 16, 1958 


LEADER /N SPECIALIZED A/R CONO/TION/ING 


“Custom Tailored Atmosphere” 
for U.S. Missiles 


If your problem involves the conditioning of air between —65°F. and 
+165°F. for test or ground support purposes—regardless of air quan- 
tity or dew-point conditions—we can solve it. We already have 
designed and built such systems for others. We can do the same for you! 


Our Engineering and Research Department recently has made a BREAK- 
THROUGH in dew-point control for low moisture content of air. We 
have achieved a production unit that can deliver less than /] grain of 
moisture content per pound of dry air at any delivery temperature from 
O°F. to +180°F. Write us today if you have an air conditioning prob- 
lem in your missile program. We have engineered and manufactured 
more different types of specialized aviation air conditioning ground 
support equipment than any other firm. 


Cc. G. HOKANSON COMPANY, INC. 
2140 Pontius Avenue * Los Angeles 25, Calif. 


For Connection 
Protection 


STAINLESS STEEL SPECIALISTS 


CARMA 


Ay LATION 
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SYSTEM DEVELOPMENT CORPORATION | 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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THE 

ELEMENT 

OF 
GROWTH 


and the System-Oriented Engineer 


Technical growth thrives when two basic conditions are combined: 
(1) a complex program that explores new areas of science and 
engineering and (2) engineers and scientists whose personalities 
demand that their work extend them to the utmost. 

Both conditions exist at System Development Corporation. 
Now, with significant expansion in progress, a number of new 
positions have been created for system-oriented engineers. The 
work involves studying the multitude of interactions possible 
among advanced aircraft, missiles, and electronic devices with each 
other and with human elements in the nation’s most extensive 
man-computer system. 

To qualify, substantial experience with air-to-air or ground- 
to-air missile systems is required together with demonstrated apti- 
tude in the field of system planning. Write for more information 
or call collect. Address R. W. Frost, System Development Cor- 
poration, 2404 Colorado Avenue, Santa Monica, California; phone 
EXbrook 3-9411. 
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News Digest 





Lewis L. Strauss, chairman of the 
Atomic Energy Commission for the 
past five years, will retire at the end of 
his present term on June 30. In a letter 
to President Eisenhower, the controver- 
sial AEC chairman said he believed a 
change in the chairmanship advisable 
because of “circumstances beyond the 
control of either of us.”’ Strauss will be 
succeeded on the commission by John 
A. McCone, West Coast business man 
and former Undersecretary of the Air 
Force. McCone probably also will take 
over the chairmanship after his confirm- 
ation as a commission member by the 
Senate. 


Grumman Aircraft and Mitsubishi 
Heavy Industries have agreed on a pro- 
gram for producing 300 F11F-1F Super 
Tiger fighters for Japan’s Air Self- 
Defense Force. The Japanese company 
will act as prime contractor of nearly 
all 300 aircraft. Grumman will produce 
a small part of the total, with delivery 
of the 300th aircraft scheduled for 
1964. 


Lockheed will produce recoverable 
Mach 2 target drones for the Army 
under $7.5 million contract. Formerly 
designated Q-5, Kingfisher is the drone 
version of the X-7 ramjet test vehicle 
(AW Mar. 3, p. 329). 


Ryan Aeronautical Co., San Diego, 
Calif. reported earnings of $853,299 for 
six month period ending April 30, 1958, 
an increase over $573,634 earned dur- 
ing a similar period in Fiscal 1957. Per 
share earnings were $1.90, compared 
with $1.28 last year, and net sales and 
other income totaled $35,374,896, as 
against $30,069,769 for the same period 
last year. 


Royal Canadian Navy McDonnell 
F2H fighters will be fitted with Side 
winder missiles. Sidewinders, purchased 
from the U.S. Navy, are now flying 
with RCN experimental squadron and 
will be given to operational squadrons 
as soon as tate y modifications are 
made. 





ASW Electra 


Dimensions 

Lockheed’s Electra anti-submarine war- 
fare version, designated P3V-1 for the 
Navy, will have the same dimensions as 
the Electra transport, but will have a 
125,500 Ib. design takeoff and maximum 
landing weight. Normal landing weight 
will be 69,000 Ib. Wing loading at 105,- 
500 Ib, will be 77.5 Ib./sq. ft. Power 
loading at this weight will be 6.2 lb./ 
eshp. 
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‘EMPLOYMENT OPPORTUNITIES 








ENGINEERS STANFORD RESEARCH INSTITUTE 


Was Professional Opportunities tn 
(EE, ME, AE or Physics) Applied Research Defense Studies for 
2 to 7 Years “Out” OPERATIONS ANALYSTS 
INDUSTRIAL ENGINEERS 











D&D Positions Now Open 
with General Electric 
on Long-Range Ballistic 
Missile Systems 


The continuing growth of activities at 
SRI offers excellent opportunities for 
qualified professional personnel with 
BS in EE, ME or Industrial 
Engineering 


Opportunities in the 


Progressive design and devel- 
opment programs in the field of 
inertial guidance and fire con- 
trol provide these new, long- 
term growth opportunities at 
General Electric’s Ordnance 
Section. 


Write us if you feel you can 

make acreative contributionto: 

e design and evaluation of ballistic 
missile inertial systems 

e laboratory and field evaluation of 
associated fire control systems 

e subsystem specifications 

« systems testing at laboratory and 
field sites 

Salary commensurate with ex- 

perience. 


Location — Pittsfield, Mass., in 
the heart of the Berkshire sum- 
mer and winter recreation 
country. 


Send resume in confidence to: 


Mr. W. S. Fielding, Div. 58-WX 
ORDNANCE SECTION 


GENERAL@@ELECTRIC 


Pittsfield, Mass. 
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Cost and Availability of In- 
dustrial Items with Emphasis 
on Industrial and Admini- 
strative Lead Time 


MBA or MS in Industrial 
Engineering 


with ot least 5 years of industrio!l or 
government experience in the fields 


of Engineering Scheduling, Production 
Control of Budget Control. Prefer- 
ably 2 years of this experience should 
be in Master Scheduling or Systems 
and Procedures work in the aircraft, 
electronic, or mechanical activities. 


Correlated Analysis of Costs 
and Scheduling 


Projects are varied and professionally 
challenging, offering unique oppor- 
tunities to develop personal compe- 
tence and broad experience. 


Advance study opportuactios 
avadlatle ia the arta. 


Write la... 
PROFESSIONAL EMPLOYMENT MANAGER 
STANFORD RESEARCH INSTITUTE 
MENLO PARK, CALIFORNIA 





SALES 
ENGINEERING 
OPPORTUNITY 


For the ambitious engineer interested in a technical sales career with a 
prominent corporation in the aircraft equipment industry—a leader in 
the design and quantity manufacture of gyroscopic flight reference and 
control systems for missiles and manned aircraft. 

Applicant's engineering background must be sufficient to absorb 
technical orientation in advanced engineering developments in gyro- 
scopics and space technology. 

Resp ible positi available in field sales offices for graduate 
engineers, E.E. or M.E. degree, with background in applications engineer- 
ing, marketing, contract negotiations, and technical sales support. Salary 








commensurate with ability. 
Send Resume To: 


P-8233, Aviation Week 


Class. Ad Div., P. O. Box 12, N 




















EMPLOYMENT OPPORTUNITIES 


ENGINEERS... 
Let’s Trade ideas! 


SPERRY PHOENIX 


wants your ideas on advanced 
Litto ial @retelalige) M-3 2-3 ileal. me 





— ‘ 
COS thee = 

- St aS 
ee 





I. data sensors, gyroscopics and/or advanced electronics are your 
specialty, your ideas are needed by this new, important division of 
Sperry Rand Corporation. 

And we know you and your family will like the idea of wholesome, 
sun-filled, fun-filled life in Phoenix ! You'll like the year-around picnic 
weather ...clean, dry air... spectacular scenery ... remarkably low 
housing costs ... the wide, pleasant, uncrowded streets that carry you 
to work. You'll like Arizona’s well-rated grade and high schools... 
and the fact that nearby colleges offer you advanced courses. 

You and your family will like the idea of living in friendly, 
easygoing Phoenix! 

We're building a basic staff at Sperry Phoenix Company to spear- 
head research, development and applications. Starting salaries and 
opportunities for increases are right at the top. There’s a great future 
for top-notch idea men . . . and their families . . . in Phoenix. 

Here’s another good idea: mail the coupon today! 
If you believe you are qualified for advanced flight control systems and associated aircraft 
equipment engineering, return this coupon without delay (no need to send resume) while 


these rare basic staff positions are still open. By return mail you will receive an applica- 
tion. Mail the coupon now . . . this is an unusual opportunity for you and your family! 


' 
SPERRY Qi “win: ames : 
| PHOENIX Sperry Phoenix Company © P. O. Box 2529, Phoenix, Ariz. © 


I'm interested! Please send me a confidential application. 


NAME 





ADDRESS. 





city. 





PHOENIX, ARIZONA 


MARQUARDT 


Professional Personnel. 
Requisition 








JET ENGINE 
CONTROLS ENGINEER 











Experienced in pneumatic, hy- 
draulic, or electro-mechanical 
controls. Should be well-ground- 
ed in servo and systems analysis, 
Requires ability to develop ap- 
propriate testing criteria and 
ability to supervise fabrication 
and test operations for fuel 
metering devices, inlet diffusers, 
fuel injection nozzles and con- 
trol sensors. 

Will work with a small group 
of highly specialized ramjet 
controls and fuel systems engi- 
neers in a creative engineering 
environment. 

New IBM digital computer, 
large custom designed analog 
computer, and full facilities of 
the Marquardt Jet Laboratory 
are available to the project group. 
For further information contact; 


John Murray 
Professional Personnel 
16557 Saticoy Street 
Van Nuys, California 


> 


Marquardt isc 











USE 
NATIONAL 
CLASSIFIED 
ADVERTISING 


for bringing business needs or 
opportunities to the attention of 
men associated in administra- 
tive, executive, management, 
sales and responsible technical, 
engineering and operating co- 
pacities with the industries 
served by McGraw-Hill publica- 
tions. For advertising rates or 
other information write: 


Classified Advertising Division 


McGraw-Hill Publishing Co., 
Inc. 


330 West 42nd Street 
New York 36, New York 











(Additional employment opportunities con't on page 305) 
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GET 


rmore information 
about products and 
services advertised 





























FIRST CLASS 





Now, one of these 
handy prepaid postcards 
will bring you more 
information on 


PERMIT NO. 64 
NEW YORK, N. Y. 




























Products 
Components 
Materials 
Services 


Y 


How to use the card 


1. Find the key number as 
listed at the bottom of 
each advertisement. 


—5¢ POSTAGE WILL BE PAID BY— 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 


2. Circle the key number 
on the card. 


BUSINESS REPLY CARD 


RESEARCH FOR SPACE EDITION 


330 West 42nd Street 


1958 AVIATION WEEK 
New York 36, N. Y. 











3. Write in page number 
for ads with no key 
number. 











. Mail card immediately. 








INSTRUCTIONS 











use this card to get more information 
about products, materials and services 


advertised in the... 


AVIATION WEEK 


RESEARCH FOR SPACE EDITION 


IMPORTANT: Circle key numbers below and mail 


1 2 3 4 5 6 7 8 9 10 W 

17 #18 19 «©2006=— 21 22 23 24 25 26 27 

36643 K6& YT B WF 4 45 42 43 1 = 

49 50 5) 532 53 34 S55 536 S7 58 59 

65 66 67 68 69 70 71 72 73 74 = 75 Circle key number listed at 
62 


81 83 84 85 86 87 88 8 90 91 bottom of advertisements 
97 98 99 100 ' 


Write in page number for 
ated ads with no key number. 
225 227 
241 243 
257 
273 274 275 
289 290 291 3. 
305 306 
321 322 323 Fill in your name, company, 
337 338 339 address and title. 
PAGE NUMBER . 


177 





a. 


Complete classification _ in- 
formation to speed process- 
Please supply the following information to aid the processing of your inquiry. ing of your inquiry. 


YOUR PRIMARY RESPONSIBILITY YOUR BUSINESS 
Production MANUFACTURING 


Operations 


Engineering Engines 


Components 
AIR TRANSPORT . 
MILITARY PERSONNEL 
GOV’MT. PERSONNEL 
BUSINESS AIRCRAFT OPERATOR ...[] 
AIRPORT OR SERVICE OPERATIONS .[) 














GET 





















Now, one of these 
handy prepaid postcards 
will bring you more 
information on 









Products 
Components 
Materials 
Services 


| 


How to use the card 


1. Find the key number as 
listed at the bottom of 
each advertisement. 


2. Circle the key number 
on the card. 


3. Write in page number 
for ads with no key 
number. 


. Mail card immediately. 









more information 
about products and 
services advertised 








FIRST CLASS 


PERMIT NO. 64 


NEW YORK, N. Y. 
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RESEARCH FOR SPACE EDITION 


330 West 42nd Street 


1958 AVIATION WEEK 
New York 36, N. Y. 
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INSTRUCTIONS 


use this card to get more information 
about products, materials and services 
advertised in the... 


AVIATION WEEK 


RESEARCH FOR SPACE EDITION 


IMPORTANT: Circle key numbers below and mail 


1 o 3 6 7 8 9 10 W 
17 19 20 2) 22 #23 «24 «250 ~=«|(26 27 
33 3 MHOC 43 1 - 
49 13132 3B HSH HF 8 59 
63 67 68 69 70 71 72 73 74 75 Circle key number listed at 
a eS © © OF eee bottom of advertisements. 
97 99 100 101 102 104 106 
120 
131 136 
147 152 
168 2. 
179 
195 200 Write in page number for 
au ads with no key number. 
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243 248 
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275 280 a } 
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289 290 291 296 


305 306 307 weer 
321 322 323 Fill in your name, company, 


337 338 339 address and title. 
PAGE NUMBER ... 











on, 


Complete classification _in- 
formation to speed process- 
Please supply the following information to aid the processing of your inquiry. ing of your inquiry. 


YOUR PRIMARY RESPONSIBILITY YOUR BUSINESS 

MANUFACTURING 

Operations Aircraft 

Engines 

Engineering Components 

AIR TRANSPORT 

Maintenance or Overhaul ..... MILITARY PERSONNEL 

, GOV’MT. PERSONNEL 

Purchasing Tee eEeCOCCECeCeeeeeee BUSINESS AIRCRAFT OPERATOR ... 
Other eeeeeeeeeeeeeeeeeeeeeeeeee AIRPORT OR SERVICE OPERATIONS -O 








EMPLOYMENT OPPORTUNITIES 


ENGINEERS & SCIENTISTS 


(General Electric Reports Progress 
in Its Aircraft Nuclear Propulsion Program 


N THE MONTHS since original 
I ground tests at the National Re- 
actor Test Station at Idaho Falls 
demonstrated the feasibility of Gen- 
eral Electric’s Turbojet Direct Cycle 
Nuclear Power Plant for aircraft, 
technological advances have been 
made in many areas: materials, 
shielding, reactor and component de- 
sign, actual hardware. For example: 


.. development of a new braze 
alloy with melting point at 2033° F, 
brazingtemperature2 100-2150°, ten- 
sile strength (at 1200°) 60,000 psi. 


...development of delicate elec- 
tronic circuitry to withstand thermal 
and radiation extremes inherent in 
the small size and high-power den- 
sity of a reactor for aircraft. 1000 
hours of reliable operation have been 


clocked, for example, for a Pre Am- 
plifier sub-assembly (shown here), 
while subjected to temperatures 


Nuclear plane of the future? Atomic planes of tomorrow will probably 
have turbojet engines which “burn” Uranium-235 instead of gasoline. Gen- 
eral Electric scientists have already operated a jet engine on nuclear power. 





ranging up to 842° F and exposure 
to 90% of maximum radiation of 
Oak Ridge graphite test reactor 
(approximate power level 3.5 mega- 
watts). This performance was made 
possible by extensive use of ceramic 
and refractory metal components. 

Extremely complex problems are 
being solved that will enable testing 
in flight of the first prototype power 
plant. 


To bring this day nearer and faster, 
additional engineers and scientists are 
needed in specific areas: 

* MATERIALS DEVELOPMENT 
(PhD calibre) 
* THEORETICAL PHysics (Research exp.) 
* FLUTTER & VIBRATION (MS preferred) 
* APPLIED MATHEMATICS (BS or MS) 
* DESIGN OF REMOTE HANDLING 
EQUIPMENT (BS or MS) 
* PERFORMANCE ANALYSIS, 
TURBOJET MACHINERY (AE or ME) 








DO THE SPECIFICATIONS FOR THESE SPECIALISTS’ ASSIGNMENTS DOVETAIL WITH YOUR QUALIFICATIONS 
— AND YOUR PROFESSIONAL INTEREST IN CONTRIBUTING SIGNIFICANTLY TO A PIONEERING FIELD? 








Write in confidence, including salary requirements to: Mr. P. W. Christos, Div. 5S8WX 


AIRCRAFT NUCLEAR 


PROPULSION DEPARTMENT 


GENERAL @ ELECTRIC 
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P.O. Box 132, Cincinnati 15, Ohio 





EMPLOYMENT OPPORTUNITIES 


A WONDERFUL PLACE 


to live and work 





Ann Arbor, Michigan, is a friendly town, small enough to move 
around in easily, large enough to provide every advantage you 
could find in a big city—and many that you couldn’t. It’s a cultural | 
town with its spring Music Festival and its Drama Season (featuring 
world-famous performers). It’s an exciting town on a crisp football 
Saturday in the fall. It’s an ideal town in any season. Excellent 
schools, fine nearby recreational areas and the world-renowned 
University of Michigan and its Medical Center help make it a 
wonderful place to live and raise a family. 

You’d like working for Bendix Systems Division in Ann Arbor, 
newest division of Bendix Aviation Corporation. Located adjacent 





to the University of Michigan and its fine engineering school, 
its function is to integrate Bendix skills and facilities for systems 
planning, development, and management. 

Specifically, we need men with experience in: 

SURVEILLANCE & RECON: radar, infrared, acoustics 

WEAPONS: missiles, aircraft subsystems, guidance and control 
DATA PROCESSING: analog and digital computers, displays 
NUCLEAR: reactors, propulsion, special weapons 
COMMUNICATIONS: radio, digital, data links 

NAVIGATION: radio, inertial, ground-controlled 
COUNTERMEASURES: ECM, electronic warfare 

OPERATIONS ANALYSIS 


For an interview, write Dept. A-6160r call NOrmandy 5-6111 


Bendix Systems Division “an div” 


ANN ARBOR, MICHIGAN 








ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of tris publication. 
Send to office nearest you. 
NEW YORK 36: P. O. Bow 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post 8t. 


POSITION VACANT 


Helicopter Mechanics—With experience on 
bell helicopters. Both domestic and foreign 
assignments. Helicopter Surveys, Inc., P. O. 
Box 186, Sta. B., Bakersfield, Calif. 








POSITIONS WANTED 
Single, have ratings, comm., instrument, will 
travel. Foreign or Domestic. Am now em- 
ployed as flight instructor at CAA approved 
school. Two years college. Age 29. Desire 
opportunity as company or airline co-pilot. 
PW-8121, Aviation Week. 








ibility for Z Stott 


Desire full resp 
administration of contracts for small or me- 
dium size firm. Background includes broad 
experience as Air Force Contracting Officer 
(Research and Development) and present em- 
ployment as Contract Administrator for large 
corporation. Age 32, married, resume on re- 
quest. PW-8014, Aviation Week. 


Administrator. Age 30, Married. Excellent 
background in aviation and references. De- 
sire position in Airport Administration or 
Fixed Base Operations. Presently employed 
operations large inter. carrier. PW-8181, 
Aviation Week. 





Mech. engineer, Present airline co-pilot (29): 
4% yrs. naval aviation, some test. 1000 hrs. 
jet, 2600 total. Desires to stay with aviation, 
testing, sales. Resume upon request. PW- 
8196, Aviation Week. 
Ex-Marine Pilot. College Grad. 27 Sched. 
Airline Ex. 1300 Hrs. No Accidents. No Viola- 
tions. PW-8192, Aviation Week. 





Ex AF pilot, 28, family, desires position. 
1400 hrs. 65 HP and up. Piper, Cessna, 
Beech, C-47, C-46. 1100 hrs. pilot-in-com- 
mand. Instrument, fit. instructor. 700 hrs. 
jet. 2 yrs. college in engineering. PW- 8191, 
Aviation Week. 





Top Level Aviation Executive-young, experi- 
enced. Presently in top position of limited 
organization. Desire position in Aviation 
Management with unlimited future. Experi- 
ence in the following positions: Manager, used 
Exec. Multi and single Eng. ACFT. Sales and 
purchasing: Advertising: Corporation Chief 
Pilot and air traffic manager; operations 
manager of ACFT. Charter Organization; fixed 
base operator. Also experienced accountant, 
office and personnel manager. CAA ratings: 
Comm. asmel, inst., Helicopter, fit. instr. Air- 
plane and instrument. Well rounded educa- 
tion and well traveled. Live wire with initia- 
tive and intelligence. Capable, thoroughly 
dependable, married. Excellent references. 
Will only consider top level management op- 
portunity or sales management position. U. 8. 
or Foreign. PW-8197, Aviation Week. 








FOR SALE 


Aere Commander 680 Bendix and ARC Radio. 
Autopilot, Custom Interior, TT, 450 hours 
$126,000 list, sell for $85,000. Lease avail- 
able. Take trade. FS-8143, Aviation Week. 








IN ALL INTERESTS 
OF AVIATION 


If You’re Important, you either read 


AVIATION WEEK 


or you advertise in it, or both 
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EMPLOYMENT OPPORTUNITIES 












ENGINEERS 


SYLVANIA OPENING 
NEW DATA PROCESSING LABORATORY 
IN SUBURBAN BOSTON 


“Programmed” staff expansion offers exceptional growth opportunities 
to engineers and scientists in Digital Computer Activities 









If you have the potential to assume increasing technical responsibilities in this field, ~oo” 
look into the expanding analysis and development activities at Sylvania’s a 
newly formed DATA PROCESSING LABORATORY where Sylvania } oY 
engineers are engaged in the High Speed Data Processing Phase of ‘ 

the Ballistic Missile Early Warning System —known as .. 


BMEWS —in addition to a number of other projects. 





& 
Assignments here are of a nature to bring rapid ie ; 
professional growth to the talented and 30° gS 
creative man. The environment } 4 
encourages initiative and 
original thinking. 


2 


wy s 





ER 
9nd F 


MISSILE SYSTEMS LABORATORY 





VHF & UHF submonitor- 
ing complex radar systems 





Sylvania's engineering 
activities in the fields of 






e Systems analysis & 


- 
| os e Advanced development, 
in 


. vad 
% site 
+ ea 
err 


















© SR. CEVELOPMENT ENGINEERS TE countermeasures, radar synthesis of complex 
© SR. SYSTEM ANALYSTS systems and system analysis radars, their design & 
© SR. PROGRAMMERS ie. create additional openings simulation 
© MATHEMATICAL ANALYSTS ig in the following areas: 
© ENGINEERS WITH EXPERIENCE | ea 

IN DISPLAY OF RADAR DATA " AVIONICS LABORATORY 












HANDLING 

(Previous digital data 

processing experience is 

important for most 
ren. assignments.) 


e Microwave components 
APPLIED RESEARCH LABORATORY design including multi- 


e Research & Systems + channel filters incorpo- 
Dr 












App'cation in Counter- rating fast-acting 
measures, Operations microwave switches 
Research & Analysis e Flush-mounted broad 

& Applied Physics band airborne microwave 
antennas 







e Transistor circuit design 
& development 










Please send resume 
to ERLING MOSTUE 


Interview and relocation expenses paid by Sylvania. Inquiries will be 
answered within 2 weeks. Convenient Saturday interviews arranged. 

















WALTHAM LABORATORIES Electronic Systems Division eo, 


¥ SYLVANIA ¥ roma. 


SYLVANIA ELECTRIC PRODUCTS INC 
100 First Avenue — Waltham 54, Massachusetts 
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EMPLOYMENT OPPORTUNITIES 














SERVO ENGINEERS 


Requires B.S., M.E. or E.E. with 3 to 5 years’ experience in dynamic analysis 
ind synthesis of servo systems using analog computers as an aid, Prefer 
direct experience with hydraulic and pneumatic systems. Will work on 
analytical group assignments relating to dynamic systems’ analysis and 
synthesis on high-pressure electro-hydraulic devices, high-pressure pneu 
matic systems, jet engine fuel systems, etc. 


CRYOGENICS ENGINEER 


Senior Project Engineer is required to organize and assume charge of a small 
group engaged in the development of airborne equipment for the generation 
and use of high-pressure gas from cryogenic liquids, which will be used for 
control and actuation of various devices on aircraft and missiles 
Responsibility will include proposal and cost-estimate preparation, project 
planning, engineering coordination with customers, supervision of design and 
analytic work, development of low-temperature components, planning for 
laboratory test facilities, production support activity, and all else necessary 
to carry a project from the preliminary concept through full qualification 
testing of flightworthy hardware. 

Five to ten years’ experience is required in this or related flelds, with a good 
background also in the general area of thermodynamics and genera! physics, 
as well as in design and development work. 


Modern plant located in suburban area offers ideal living conditions and 
excellent school facilities. Expanding company offers excellent opportunity 
for advancement. 

Send resume detailing educational background and experience to: 


Personnel Department 


CHANDLER-EVANS DIVISION 


PRATT & WHITNEY CO., INC. 
West Hartford, Conn. 


Qualified applicants will be invited to West Hartford plant for personal interview concerning 
these positions. 























WEAPONS EVALUATION 
and MISSILE 
FEASIBILITY STUDIES 


ARMOUR RESEARCH FOUN- 
DATION offers the creative and 
imaginative individual the oppor- 
tunity to work in small project 
groups on challenging Operations 
Research and Weapons Systems 
programs, These programs encom- 
pass research on all forms of air 
and ground warfare. 


Knowledge of probability theory, 
statistics, and physics required. Ex- 
perience and familiarity with mod- 
ern weapons systems concepts are 
very desirable. Must be able to in- 
tegrate results from many scientific 
disciplines into systems studies. 


ARMOUR RESEARCH FOUN- 
DATION is located in a metropoli- 
tan area offering outstanding cul- 
tural and educational advantages. 
For further information please 
write to: E. P. Bloch, ARMOUR 
RESEARCH FOUNDATION of 
Illinois Institute of Technology, 10 
West 35th Street, Chicago 16, Ill. 





| A position 


ELECTRONIC | | ry to 


ENGINEER | creative 


man 


Is this your idea of a creative assignment? 





Solving complex circuit design problems in these fields: 
electronic missile guidance, memory circuits, digital and 
analog devices, airborne radar systems—pulse and 
transistor circuits. 


An engineer with the necessary intellectual curiosity 
and an inventive mind to carry such problems to a suc- 
cessful conclusion can go far at the G-E Light Military 
Electronic Equipment Department. 


Forward your resume in confidence to: 
Mr. RICHARD C. KIMM. Room 58WX 


ZX. FE > 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 


GENERAL @@ ELECTRIC 


FRENCH ROAD. UTICA. NEW YORK 





ENGINEERS 


If you have been looking for an ee Agency 
that is skilled in the STATE THE ART of 
Technica! Recruitment ahd RELIABILITY OF IN- 
FORMATION concerning positions, why not com 
municate with us at once! ALL POSITIONS FEE 
PAID. 
vupen ivy PERSONNEL SERVICE 
1218 Chestnut Phila. 7, Pa. 
Specialists in y Electronics and Nucleonics 








HELICOPTER PILOTS and MECHANICS 
WANTED 


es J uate and nnude licenses ) eertaory 
on 
American cowretions dian . benefits—families 
welcome—write giving all details to 

KEYSTONE eCOPtER, ‘CORPORATION 
1124 Land Title B 














Manufacturer of QPL and other hydraulic sys- 
tem components seeks qualified sales engineering 
representatives. Contacts in aircraft and allied 
industries required. Territories open in East, 
South, Midwest and West. Submit full details 
concerning territory, personnel and present lines. 


P-8157, Aviation Week 
520 N. Michigan Ave., Chicago 11, Tl. 














Don’t forget the 


BOX NUMBER 


When answering the classified advertise- 
ments in this magazine don’t forget to put 
the box number on your envelope. It’s our 
only means of identifying the advertisement 


you are answering. 
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EMPLOYMENT OPPORTUNITIES 
RESEARCH & DEVELOPMENT ENGINEERS AND SCIENTISTS 


al cvery altitude where vehicles now fly 


1,000 TO 100,000 MILES 


—. CISLUNAR SPACE —_—{ 


———4 


300 TO 1,000 MILES 
—_... EXOSPHERE 


50 TO 300 MILES 


THERMOSPHERE oma } —_ 





Sy 
Ft 
a§ 
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10 TO 16 MILES 


{— TROPOSPHERE ___.{ .______ STRATOSPHERE 


EARTH TO 10 MILES 





or men dream of flying them... 


OPPORTUNITY ON VITAL PROJECTS 


Broad-Based Activities in Missiles, 
Aircraft, Space Technology Now Drawing Alert 
Engineers to Republic Aviation 


This 25-year leader in aviation is expanding...and in many direc- 
tions. There's hardly a field of flight which you can mention where 
Republic is not actively engaged today. 

This wide-ranging diversity gives Republic engineers and scien- 
tists an unparalleled opportunity to broaden their professional 
knowledge ...and the stimulus to top creativity provided by fre- 
quent contact with many minds, with diverse experience. 


There are no rigid organizational barriers at Republic between 
engineer and engineer. In this alert, air-minded community the 
electronics man, the aerodynamicist, the optics expert, the systems 
analyst — or any specialist from a dozen other fields — sit down and 


consult together, whenever they feel inclined. 


Are you looking for a position where you can broaden 
your scientific horizon? Then study these diverse assignments at 
the Aircraft and Missile Development Division 


WW Openings for senior 
R&D people.7 to 10 years 
experience. 


IN FLUID DYNAMICS OF 
ORBITAL SPEEDS IN RARE- 
FIED ATMOSPHERE...AE who 
can conduct basic research 
and transiate resuits into 
practical applications to hy- 
pervelocities of upper atmos- 
phere flight. Strong back- 
ground in aercnautical R&D 
with theoretical base essen- 
tial. Advanced degree pre- 
ferred. 


IN PRELIMINARY DESIGN FOR 
MISSILE & SPACE PROJECTS 
..-AE with background in 2 
or more of these areas: pro- 
puision, aerodynamics, sta- 
bility & control, trajectory 
calculation, wind tunnel test- 
ing. MUST BE ABLE TO PER- 
FORM PARAMETRIC STUDIES. 
Advanced degree preferred. 


IN WEAPON SYSTEM ANALY- 
SIS (Missile & Aircraft), in- 
cluding air defense, mission 
& target, guidance & flight 
control, vulnerability & ECM 
studies. 

IN OPTICAL & INFRARED 
TECHNIQUES as applied to 
Reconnaissance Systems de- 
velopment. MS, Physics. 

IN INERTIAL NAVIGATION 
SYSTEMS, DESIGN & ANALYSIS 
MS preferred, EE or Physics. 


IN OPERATIONAL ANALYSIS, 
RECONNAISSANCE & DETEC- 
TION SYSTEMS. Exper'ence 
needed in aircraft or missile 
technology in electronics, or 
vehicle performance, or ar- 
mament, or structures, or 
applied math. MS in engi- 
neering, physics or math. 


@ Also openings in Oper- 
ational Analysis for Phys- 
icists, Mathematicians or 
AE’s with 4-5 years OA 
ez perience related to struc- 
tural damage criteria or 
in probability & game 
theory. MS preferred 


IN AIR LOAD DESIGN RE- 
QUIREMENTS, AIRCRAFT, 
MISSILES ...AE to visualize 
and select critical design 
conditions essential in esti- 
mating air pressure distribu- 
tion on various components. 


BB Openings for R&D en- 
gineers & scientists with 
5 to 7 years experience. 


IN MISSILE ELECTRONICS 
for radar & antenna D&D, dis- 
play techniques, instrumen- 
tation, inertial navigation, 
flight control, computer de- 
vices. 


IN DYNAMICS SYSTEMS 
ANALYSIS, Missile & Aircraft 
Guidance. Physicist, Mathe- 
matician, EE or AE. 


1N AIRFRAME STABILITY @ 
CONTROL, Missiles & Aircraft. 


IN PROPULSION SYSTEMS 
EVALUATION — new systems 
for missiles & aircraft. Strong 
theoretical background re- 
quired. MS degree preferred. 


IN AERODYNAMICS DESIGN, 
ADVANCED HYPERSONIC miIS- 
SILES & SPACE CRAFT CON- 
FIGURATIONS. Develop tra- 
jectory optimization 


IN AEROELASTICITY. Major 
evaluation responsibilities, 
including preliminary flutter 
& vibration studies. 


IN AIR-INLET & EXHAUST 
AERODYNAMICS at supersonic 
speeds. Coordinate iniet de- 
sign with airframe & engine 
configuration. MS degree 
preferred. 


IN AIR CONDITIONING & AUX- 
ILIARY EQUIPMENT INVESTI- 
GATIONS for Aircraft & Space 
vehicles. MS degree pre- 
ferred. 


IN AERODYNAMIC HEATING, 
BOUNDARY LAYER AND / OR 
RE-ENTRY PROBLEMS of Air- 
craft, Missiles & Spacecraft. 


IN APPLIED MECHANICS, AiR- 
CRAFT & MISSILE PROBLEMS: 
Stress analysis, structures, 
propulsion, specifications. 


Republic conducting study, proposal & preliminary design projects for upper atmosphere flight (spececreft, satel 
lites, complete weapon systems). Produces nose cones for Atias & Thor; Terrapin Research Rocket. Creator of F-1058, 
F-105D, F-105E supersonic fighter bombers; guidance system for Bulipup sir-to-surface missile; SD-3 Army 
surveiliance drone. Now developing VTOL & STOL aircraft. Exclusive licensee for Sud Aviation’s “Alouette I.” 
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FARMINGDALE, LONG ISLAND, NEW YORK 


Please send your resume in 
complete confidence to: 

Mr. George R. Hickman, 
Engineering Employment Mar. 
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Deal Directly $-51 
C-46 — B-17 SS sworsxy 


IT 0 Stk HELICOPTERS 
A ENTION For the first time 
we now can offer 
a substantial 
quantity of heli- 


Foreign and domestic > Sopters’ indiviciu- 
ally or as @ lot 
operators 





° ° ~ on, 
Will consider sale, lease, lease-purchase, toaeae whichever desired. For @ fleet operator a 
’ complete package with quantity discount. 


or operator participation, with respon- Dealers protect 
ibl ivati Cc dP - A. 4. Ming Wabash 5-3000 
sible organization on Cargo and Pass- TRADE-AYER COMPANY 


enger converted B-17; or passenger- Linden Airport, Linden, N. J. 


ized C-46D. Both previously N. C. 
Aircraft are ready for flight. immediate Delivery Bg mee Lg i ga i 


" . . P Constellations #749’s, 28 Boeing 377 Strat- 
National Aero Leasing Corporation eae ene Corea ocruisers. 
PRATT & WHITNEY WRIGHT Can arrange long term financing and trades. 


P.O. Box 184 Teleph Newton 5-0734 
en R1830 R1820 aaron AVIATOR COMA hire 


Miemi 48, Fla. Cable Airland ~75, -92, —94 —202, —5, -72 Miami 48, Florida 


Ph: TUxedo 8-2464 Cable: Airambrose 
R985 R1340 R2000 


and our most popular DC3 engine DCA Combination 


R1830 - SUPER - 92 Passenger and Cargo Financing Available 
70 Passenger—Galley—Clithes Rack 


2 rest re 
heavy cargo floor—Cargo Door—2876 Galion _ Tanks, 
Complete Radio Equipment R. 2000—9M2, Engines 
or Equal. Currently coersine on scheduled airlines. 
For Information Write, Wire or Phone 
INC, NATIONAL SURPLUS SALES 
1800-14 —— e Vi. = i, 2-1554 


Lambert Field Inc. St. Louis, Mo. nsas City, M 
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FOR SALE 
DC-4’s 


B & E Models 
Fully Convertible 
Overseas & Domestic 
Financing Available 
United States Overseas Airlines Inc. 


Chrysler Bldg., New York, N. Y. 


Telephone YUkon 6-6685 
Cable: USOALINES NEWYORK 
TWX NY 1-3486 


we 











BEECH MODEL D185 


250 Hours since (000 hour inspection by Beech 
——— Engines ame beers and “0” time, 4 
props and prop governors i ours since overhaul. H 
Recent luxurious interior by Horton and Horton. Your inquiry 
E18 instrument panel with custom dual radio in- 
staliation in center of panel. Speed modification 
2660 ++0b0bb0b00+, a ° tail ee ae data Careamnes, 
AA pbb hppp ppp ppp hhh ear cabin bu ead remov ‘or better utility of . * 

cabin area. Air stair door. Dual omni; dual ADF: will have Special Value 
dual cabin speakers. Double cabin windows and 
super sound-proofing. Painted. Aircraft may be 


Deal Directly FOR SALE, leased or fi d to responsible parties. 
with Owner TRADE, LEASE Price $37,500.00 


Ex-Eastern 26 

my Wright DOUGLAS DC-3 ATLANTIC AVIATION CORP 
powered zero en- . 
gines. Low air- Teterboro Airport Teterboro, N. J. 
a Ag ful ri ~ AT 8-1740 advertisers. Naturally, the publisher will 
line radio & 
instruments. 


Available for im- 
mediate delivery. Liberal finance terms appreciate it . . . but, more important, it 
available & options to purchase on WRIGHT 


lease, crediting lease payments to pur- 
chase price. For complete details, tele 
phone: 1820-76A will identify you as one of the men the 
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If you mention this magazine, when writing 








Newly overhauled by Grand Central Aircraft Co. 
TRADE-AYER COMPANY to latest Learstar specification. 


Linden Airport, Linden, N. J. 
ROBERT A. DARNALL advertiser wants to reach with this message 
A. J. Ming Wabash 5-3000 ise anaes Shit, 08.8. : 9 





+ «+ and help to make possible enlarged 





GRUMMAN GOOCE AMPHIBIAN ay vervines & 1 —}+ 
) c a ot Bey 7. All sein edi > aiken tri nk t 
onal crew—Available immedia ow airframe 8 m mediate very from world’s targ- ‘ 
and engine time—Neo corrosion—Piush or utilit est shelf stock. Buy direct from wer’ tr. future service to you SO reader. 
interior—Presently under contract with major o Lower AF jeher service. Send fer free wall 
company in Central America—Financing available charts bs mf complete line of eS & MS fittings 
—Phone or Write and We bE 
KEYSTONE HELICOPTER CORPORATION Own special print, and stock AN & MS ngs. 
Land Tite Build twee COLLINS ENGINEERING CORPORATION 
9050 Washington Bivd. Culver City, California 
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ENGINEER OPPORTUNITIES AT RAYTHEON 


oS 


ARMY’S HAWK MISSILE is launched from mobile platform by fast-moving 
land forces. Raytheon engineers working on prime contract developed the 
design that makes possible missile’s extremely low-altitude capabilities. 


Where is your future 
in Missile Engineering? 


It’s your move. Your experience as a specialist in aeronautical 
design work qualifies you for good positions with a number 
of capable organizations. But somewhere is that special situ- 
ation that will lead to the rewarding future you want. 


Before you make your next move, you’ll want to take a long 
careful look at the leading companies in missiles and where 
they are heading. Your company list will include Raytheon 
—now prime contractor for the Army Hawk and Navy Spar- 
row III, with continually expanding development programs 
that need the talents of capable men in: 


STRUCTURES: Stress analysis + Structural design » Dynamic analy- 
sis + Static testing » Weight analysis 


AERODYNAMICS (Missile): Stability and Control + Air loads 
Performance 


WIND TUNNEL TESTING + AERODYNAMIC HEATING 
ROCKET ENGINEERING (Solid) 


For interview in Bedford, Mass., please write, wire, or phone 
collect to CRestview 4-7100. Ask for R. W. McCarthy. 


RAYTHEON MANUFACTURING COMPANY 


MISSILE SYSTEMS 
DIVISION 


>) 


BEDFORD, MASS. 





Excellence in Electronics 
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FROM TOUCHDOWN TO TAKE-OFF 


WITH AN INTEGRATED BENDIX LANDING GEAR SYSTEM 


When landing, taking off or just taxi- 
ing, safety depends upon the unfailing 
teamwork of everything that makes up 
the landing gear system. 

Retractor actuation, control valves, 
nose wheel steering, power braking, as 
well as wheels, brakes and _ shock- 
absorbing struts—even tires—these are 
the things that make up the complete 


landing gear system. And it is vital that 
all components function together with 
split-second accuracy and efficiency. 
That is why Bendix* specializes in 
complete and integrated landing gear 
systems. For, components that have 
been designed and engineered to work 
together give better and more depend- 
able performance than any arbitrarily 


Bendix tivisiox South Bend, wo. 


Circle Number 81 on Reader-Service Card 


assembled system. The components of 
a Bendix landing gear system are 
engineered as a matched set, then 
tested and tuned to work together like 
a trained crew. 

So, when it comes to gear for landing, 
think and plan in terms of a complete 
landing gear system. Then we suggest 
you think of Bendix and Bendix 
Products Division at South Bend, Ind. 


"TRADEMARK 





A DOUBLE SAFETY FACTOR.... 
plus comfort and performance 


Reynolds Aluminum Meets Douglas DC-8 High Quality Standards 


Douglas’ new DC-8 Jetliner will be one of the biggest, 

fastest, highest-flying commercial airplanes when it goes into 
service next year. Safety conscious Douglas engineers designed 
the DC-8 to be both fail-safe and fatigue-resistant. 


This double safety factor called for thorough testing, high 
standards of quality and performance, plus living room comfort 
in flying. Premium size sheet and plate from Reynolds provided 
Douglas design engineers with the raw material necessary to 


meet these demands. 


Reynolds large, integrated facilities—unmatched in the 
aluminum industry —have long supplied the highest quality 
mill products to Douglas and the ertire aircraft industry. 


For the highest quality in the widest ranges of sizes, 
shapes, and alloys in aluminum—and for skilled engineering 
and design services—call on Reynolds. Write Reynolds 
Metals Company, P.O. Box 2346-TJ, Richmond 18, Virginia. 


The Finest Products 
Made with Aluminum 


are made with 


REYNOLDS G2 ALUMINUM 


For below-mill quantities of AND sections and other aircraft 
shapes, contact our aircraft extrusion distributor, Pioneer 
Aluminum, Inc., 5251 West Imperial Highway, Los Angeles 
45, California. Telephone: ORegon 8-7621. 


Watch Reynolds All-Family Television Program, 
“DISNEYLAND”, ABC-TV. 


Circle Number 80 on Reader-Service Card 





